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SUMMARY 
Th« chemistry •£ steroids became a matter of paramount 
Interest In recent past because of their Immense use In 
research and Industry owing to their broad spectrum of bio-
logical properties. In this thesis» the synthesis of some 
Important hetero steroids are described. The products obtai-
ned are characterized on the basis of analytical» spectral 
studies and chemical transformations. The results are summa-
rized as below : 
CHAPTER - ONE 
Reactions of Steroidal Epoxides 
Steroidal skeleton containing fused heterocycl ic systems 
have received much attention during the la s t few years pr i -
marily owing to various biological a c t i v i t i e s associated with 
such frameworks. This chapter deals with the react ions of 
cyclohexylisocyanate with steroidal epoxides such as 5»6a-
epoxy-5a-cholestane ( l ) , 3P-chloro-5,6a-epoxy-5a-cholestane 
( I I ) , 3p-acetoxy-5,6a-epoxy-5a-cholestane ( i l l ) and 3fi-
hydroxy-5,6a-epoxy-5a-cholestane (IV) in N,N-dlmethylf orma-
mlde (LlBr as cata lys t ) which provided s teroidal hydroxy-
formates such as 6P-formyloxy-5a-cholestan-5-ol (V), 3P-
chloro-6P-for«yloxy-5a-cholestan-5-ol (Vl) , 3P-acetoxy-6P-
formyloxy-5a-cholestan-5-ol (VIl) , 3p-hydroxy-6p-formyloxy-
5a-cholestan-5-ol (VIII) and dlo ls (IX - X I l ) . The s truc-
( ii ) 
tures of these compounds were established on the bas i s of 
« 
spectral evidences and comparison with authentic samples 
































OxYpercuration-DemTcuratlon af Steroidal Alkenes 
A number of s teroidal hydroxyethers were prepared 
ear l i e r In my laboratory by mixed hydride reduction of 
cyc l i c ace ta l s . The preparation of these hydroxyethers 
Involved a number of s teps . The scheme of oxymercuratlon-
( i i i ) 
demercuratlon of steroidal alkenes with the so le purpose 





















( iv ) 
This scheme described an a l ternat ive route for the pre-
paration of s teroidal hydroxyethers by oxynercuratlon -
demercuratlon of steroidal o l e f ins such as cholest-5-ene 
(XIII) 3p-acetoxycholest-5-ene (XIV) and 3p-chlorocholest-
5-ene (XV) which afforded 6p-(2*-acetoxyethoxy)-5a-cholest-
ane (XIX) and 6p-(2*-hydroxyethoxy)-5a-cholestane (XVl), 
6^-(2»-hydroxyethoxy)-5a-cholestan-3p-ol 2» ,3 -d lacetate (XX) 
and 6p-(2'-hydroxyethoxy)-5a-cholestan-3p-yl acetate (XVIl), 
3^-chloro-6^-(2•-acetoxyethoxy)-5a-cholestane (XXl) and 
3p-chloro-6P-(2*-hydroxyethoxy)-5a-cholestane (XVIIl) . The 
products obtained were characterized on the bas is of their 
spectral properties and chemical evidences. The mechanism 
for the formation of hydroxyethers (XVI - XVIII) i s outlined 
below : 
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( vi i ) 
CHAPTER ~ THREE 
Oxidation of S f r o l d a l Olafins 
Development of the new oxidation pathways in the syn-
thet ic organic chemistry were of great importance. Here an 
attempt had been made to oxidize the s tero idal o le f ins such 
as 3p-hydroxycholest-5-ene (XXII), 3^-acetoxycholest-5-ene 
(XIV) and 3^-chlorocholest-5-ene (XV) with the help of mole-
cular oxygen, benzaldehyde using benzoylchloride as catalyst 
which afforded hydroxyketones such as 3^,5-dihydroxy-5a-
cholestan-6-one (XXIII), 3p-acetoxy-5-hydroxy-5a-cholestan-
6-one (XXIV) and 3^-chloro-5-hydroxy-5a-cholestan-6-one 
(XXV). The products obtained were characterized on the basis 
of their spectral properties, chemical transformations and 


















( vill ) 
A mechanism Is suggested for the formation of the products 













( ix ) 
In view of the synthetic u t i l i t y of 4--en-3,6-dione 
and 4-en-3-one s tero ids and several steps involvement in 
the ir synthesis , we described here in a more convenient 
and s ingle step synthesis of these steroidal ketones fron 
cholesterol (XXIl) with the help of pyridiniun dichromate 
in different aprotic solvents and also to judge the e f fect 
of PDC in these so lvents . In the present work the solvents 
namely ether, chloroform, dichloromethane, carbontetra-
chloride, acetone, tetrahydrofuran dimethylsulfoxide/ether 
and 1,4'^iioxane were taken. In solvents l ike ether and 
chloroform only cholest-4-en-3,6-dione (XXVl) was obtained, 
and dichloromethane gave only cholest-4-en-3-one (XXVIl) 
while in carbon tetrachloride, acetone, tetrahydrofuran, 
dimethylsulfoxide/ether and 1,4-dioxane afforded both 
cholest-4-en-3,6-dione (XXVI) and cholest-4-en-3-one 
(XXVII) in di f ferent yields. The structures were established 
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Mechanism for the formation of cholest-4-en-3-one (XXVII) 
and cholest-4-en-3,6-dlone (XXVI) Is tentatively given as 
follows t 
^ - ^ ^ r - ^ ^ 
Cr20/ + 2W + CrgO^' 
N 































\ j ^ 
(XXVI) 
( xiii ) 
CHAPTER - FOUR 
Synthesis of Azasterolds 
The Beckmann r e £ir rang erne nt and the Schmidt reaction of 
steroidal ketoxlmes and ketones, respect ive ly are the two 
f a c i l e and widely employed methods for Insertion of nitrogen 
In steroidal framework. The purpose of t h i s invest igat ion 
was to extent the scope of these reactions In the prepara-
t ion of hitherto unknown azasteroids. For the present 
studies of Beckmann rearrangement and retro-Beckmann rea-
rrangement, eas i ly access ible s teroidal ketone and oxime i . e . 
3a,5-cyclo-5a-cholestan-6-one and 3a,5-cyclo-5a-cholestan-
d-one oxime were prepared respectively* The Beckmann rea-
rrangement of 3a,5-cyclo-5a-cholestan-6-one oxime using p-
toluensulphonyl chloride, pyridine followed by chromato-
graphy over neutral alumina provided the lactam, 6-aza-3a, 
5-cyclo-B-homo-5a-cholestan-7-one (XXIX). The structure 
was established on the basis of spectral and chanical ev i -
dences. The lactam (XXIX) did indeed show a peculiar 
behaviour in the sense that i t underwent *retro-Beckmann 
rearrangement*. In an attempt to obtain the corresponding 
products derived from i t , the lactam (XXIX) was hydrolysed 
with hydrobromic acid in cyclohexanone or acetone. The 
usual work up of the reaction mixture followed by chromato-
graphy ( s i l i c a gel ) gave the oxime (XXX), the product of 
retro-Beckmann rearrangement, the cycloketone (XXXI) (major 
( xiv ) 
product)* and 3^-broinorr5a-cholestan-6~one (XXXIl). Appa-
r e n t l y , the change involved the sequence (XXXII) > 
(XXX) > (XXXI), the same sequence as one would expect 
of retro-Beckmann rearrangement. We also proposed the 
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( xvl ) 
CHAPTER ~ FIVE 
Mass Spect ra l Studi«s of S f r o i d a l Compounds 
Several papers deal ing with the mass s p e c t r a l s tud ies 
of s t e r o i d a l compounds containing groups such as >C=C<, 
-NOg, >C=C-C, OH/COOMe and p- lac tone moiety have been 
0 
reported from our l abo ra to ry . I t prompted us t o examine 
the mass spect ra of severa l s t r u c t u r a l l y r e l a t e d s t e r o i d a l 
compounds of pregnenolone s e r i e s and 3^,17p-diacetoxy-5a-
androstan-6-one as an attempt t« e s t a b l i s h s p e c t r a - s t r u c -
t u r e r e l a t i o n s h i p . The compounds included in the study 
are 3^-hydroxypregn-5-en-20-one (XXXIIl), 3P-acetoxypregn-
5-en-20-one (XXXIV), 3p-hydroxy-5a-pregnane-6,20-dione 
(XXXV), 3P-acetoxy-5a-pregn-6,20-dione (XXXVl), 3p,17p-
diacetoxy-5a-androstan-6-one (XXXVII), 3p-acetoxypregn-5-
en-7,20-dione (XXXVIII), 3p,20p-dihydroxypregn-5-ene 
(XXXIX), 3p-acetoxy-5P-hydroxy-B~norpregnan--20-one-6-oic 
acid 5 ,6- lac tone (XL) and methyl-B-norpregnan-3^,50-di-
hydroxy-20-one-6-oate (XLl). 
The compounds are s t r u c t u r a l l y very c lose to each 
o ther . I t was an t i c ipa t ed t h a t they wi l l follow s imi la r 
fragmentation p a t t e r n . Thus offering a simple and e f f e c -
t i v e method of t h e i r cha rac t e r i za t i on by mass spectrometry. 
( xvii ) 











H-jC-C=0 3 I 
(XXXVII) 





This chapter deals in detail the Important fragment 
Ion peaks and tentative mechanism for their formation. 
The mass spectra showing molecular ion, b«se peak and other 
Important peaks are shown below. 
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( xxli ) 
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( XXV ) 
CHAPTER -. SIX 
X-rav Studies of Steroidal Compounds 
A survey of l i terature revealed that there are 
number of s tero idal compounds for which crystallographic 
studies have been done. In continuation as a part of 
crystallographic invest igation on steroids we have taken 
few steroidal compounds of cholestane ser ie s synthesized 
in our laboratory, such as 6-nitrocholest-5-ene (XLII), 
3^-chloro-6-nitrocholest-5-ene (XLIIl) and 5a-cholestan-
6-one (XLIV) for such studies . 
98^17 
(XLIV) 
( xxvi ) 
On the bas i s of X-ray a n a l y s i s d e t a i l r egard ing 
c r y s t a l s t r u c t u r e , bond length and bond angle •£ each 
of the compound a re given in t h i s chapte r . Diagrams 
showing the genera l view and packing of the molecules 
are shown below : 
General view of t he molecule 
Packing diagram of the molecules 
( xxvii ) 
C«Hi7 




Packing diagram of the molecule* 
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SUMiKARY 
The chenlstry •! steroids became a matter of paramount 
Interest In recent past because of their immense use in 
research and industry owing to their broad spectrum of bio-
logical properties. In this thesis, the synthesis of some 
important hetero steroids are described. The products obtai-
ned are characterized on the basis of analytical* spectral 
studies and chemical transformations. The results are summa-
rized as below : 
CHAPTER - ONE 
Reactions of Steroidal Epoxides 
Steroidal skeleton containing fused heterocycl ic systems 
have received much attention during the l a s t few years pr i -
marily owing to various b io log ica l a c t i v i t i e s associated with 
such frameworks. This chapter deals with the react ions of 
cyclohexylisocyanate with s tero ida l epoxides such as 5y6a-
epoxy-5a-cholestane ( I ) , 3^-chloro-5,6a-epoxy-5a-cholestane 
( I I ) , 3p-acetoxy-5,6a-epoxy-5a-cholestane ( I I I ) and 3p-
hydroxy-5,6a-epoxy-5a-cholestane (IV) in N,N-dimethylforma-
mide (LiBr as cata lyst ) which provided s tero idal hydroxy-
formates such as 6P-for«yloxy-5a-cholestan-5-ol (V), 3p-
chloro-6P-for«yloxy-5a-chole8tan-5-ol (Vl) , 3p-acetoxy-6p-
formyloxy-5a-cholestan-5-ol (VII) , 3^-hydroxy-6^-formyloxy-
5a-cholestan-5-ol (VIIl) and d i o l s (IX - X I I ) . The s truc-
( i l ) 
tures of these compounds were established on the basis of 
spectral evidences and comparison with authentic samples 
in known cases. 
^8^17 
HO OH 




























Oxvaercuration-DeaTcuration of Steroidal Alkenes 
A number of steroidal hydroxyethers were prepared 
ear l ier in my laboratory by mixed hydride reduction of 
cyc l ic ace ta l s . The preparation of these hydroxyethers 
involved a number of s teps . The scheme of oxymercuration-
( iii ) 
demercuration of steroidal alkenes with the so le purpose 



















( iv ) 
This scheme described an a l ternat ive route for the pre-
paration of s teroidal hydroxyethers by oxymercuration -
demercuration of s teroidal o l e f ins such as cholest-5-ene 
(XIII) 3^-acetoxycholest-5-ene (XIV) and 3p-chlorocholest-
5-ene (XV) which afforded 6p-(2*-acetoxyethoxy)-5a-cholest-
ane (XIX) and 6^-(2*-hydroxyethoxy)-5o-cholestane (XVl), 
6p-(2*-hydroxyethoxy)-5a-cholestan-3p-ol 2*,3-diacetate (XX) 
and 63-(2»-hydroxyethoxy)-5a-cholestan-3p-yl acetate (XVIl), 
30-chloro-6P-(2*-acetoxyethoxy)-5a-cholestane (XXI} and 
3p~chloro-63-(2*-hydroxyethoxy)-5a-cholestane (XVIII). The 
products obtained were characterized on the basis of their 
spectral properties and chemical evidences. The mechanism 
for the formation of hydroxyethers (XVI - XVIII) i s outlined 
below : 


































( vi ) 
CgH^y 















( v i i ) 
CHAPTER - THREE 
Oxidat ion of S f r o i d a l Olaf ins 
Development of the new o x i d a t i o n pathways i n the s y n -
t h e t i c organic chemistry were of great importance. Here an 
attempt had been made to o x i d i z e the s t e r o i d a l o l e f i n s such 
as 3^-hydroxycholest-5-ene (XXIl) , 3 0 - a c e t o x y c h o l e s t - 5 - e n e 
(XIV) and 3p-ch lorocho les t -5 -ene (XV) with the he lp of mole -
cu lar oxygen, benzaldehyde using benzoy lch lor ide as c a t a l y s t 
which afforded hydroxyketones such as 3§ ,5 -d ihydroxy-5a-
cho le s tan-6 -one (XXIII), 3p -ace toxy-5 -hydroxy-5a-cho le s tan-
6-one (XXIV) and 3p-chloro-5-hydroxy-5a-choles tan-6-one 
(XXV). The products obtained were character ized on the b a s i s 
of t h e i r spec tra l propert ies , chemical transformations and 
comparison with authentic samples . 
^8^17 
0 , B e n z aldehyde 















( viii ) 
A mechanism is suggested for the formation of the products 







( ix ) 
In view of the synthetic utility of 4-en-3,6-dione 
and 4-en-3-one steroids and several steps involvement in 
their synthesis, we described here in a nore convenient 
and single step synthesis of these steroidal ketones from 
cholesterol (XXII) with the help of pyridinium dichromate 
in different aprotic solvents and also to Judge the effect 
of PDC in these solvents. In the present work the solvents 
namely ether» chloroform, dichloromethane, carbontetra-
chloride, acetone, tetrahydrofuran dimethylsulfoxide/ether 
and 1,4-dloxane were taken. In solvents like ether and 
chloroform only chol_est-4-en-3,6-dione (XXYl) was obtained, 
and dichloromethane gave only cholest-4-en-3-one (XXVIl) 
while in carbon tetrachloride, acetone, tetrahydrofuran, 
dimethylsulfoxide/ether and l,4--dioxane afforded both 
cholest-4-en-3,6-dione (XXVI) and chole5t-4-en-3-one 
(XXVII) in different yields. The structures were established 
on the basis of spectral and chemical evidences. 
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(XXVI) . (XXVII) 
Mechanism for the formation of cholest-4-en-3-one (XXVII) 
and cholest-4-en-3,6-dlone (XXVI) is tentatively given as 
follows : 
CrjO/ + iH' + •'^ a*'? 
N 
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( xili ) 
CHAPTER -> FOUR 
Synthesis of Azasterolds 
The Beckmann rearrangement and the Schmidt reaction of 
s teroidal ketoximes and ketones, respect ive ly are the two 
f a c i l e and widely employed methods for insertion of nitrogen 
in s teroidal framework. The purpose of this invest igat ion 
was to extent the scope of these react ions in the prepara-
tion of hitherto unknown azasteroids . For the present 
studies of Beckmann rearrangement and retro-Beckmann rea-
rrangement, eas i l y accessible s t ero ida l ketone and oxime i . e . 
3a,5-cyclo-5a-cholestan-6-one and 3a,5-cyclo-5a-cholestan-
d-one oxime were prepared re spec t ive ly . The Beckmann rea-
rrangement of 3a,5-cyclo-5a-cholestan-6-one oxime using p-
toluensulphonyl chloride, pyridine followed by chromato-
graphy over neutral alumina provided the lactam, 6-aza-3a, 
5-cyclo-B-homo-5a-cholestan-7-one (XXIX). The structure 
was established on the basis of spectral and chemical ev i -
dences. The lactam (XXIX) did indeed show a peculiar 
b^aviour in the sense that i t underwent 'retro-Beckmann 
rearrangement*• In an attempt to obtain the corresponding 
products derived from i t , the lactam (XXIX) was hydrolysed 
with hydrobromic acid in cyclohexanone or acetone. The 
usual work up of the reaction mixture followed by chromato-
graphy ( s i l i c a ge l ) gave the oxime (XXX), the product of 
retro-Beckmann rearrangement, the cycloketone (XXXI) (major 
( xiv ) 
product), and 3p-bromo!^a-cholestan-6-one (XXXII). Appa-
rent ly , the change involved the sequence (XXXII) > 
(XXX) > (XXXI), the same sequence as one would expect 
of retro-^eckmann rearrangement* We also proposed the 








(XXIX) (XXX) (XXXI) 















( xv i ) 
CHAPTER - FIVE 
Mass Spectra l S t u d i e s ef S t e r o i d a l Coapounda 
Several papers dea l ing wi th the mass s p e c t r a l s t u d i e s 
of s t e r o i d a l compounds c o n t a i n i n g groups such as >C=C<, 
-NO^, >C=C-C, OH/CXXDMe and ^ - l a c t o n e no ie ty have been 
0 
reported from our laboratory . I t prompted us t o examine 
the mass spec tra of s e v e r a l s t r u c t u r a l l y r e l a t e d s t e r o i d a l 
compounds of pregnenolone s e r i e s and 3^,17^~diacetoxy-5a-
androstan-6-one as an attempt t o e s t a b l i s h s p e c t r a - s t r u c -
ture r e l a t i o n s h i p . The compounds included in the study 
are 3p-hydroxypregn-5-en-20-one (XXXIIl), 3p-acetoxypregn-
5-en-20-one (XXXIV), 3^-hydroxy-5a-pregnane-6,20-dione 
(XXXV), 3p-ace toxy-5a -pregn-6 ,20 -d ione (XXXVl), 3p ,17p-
d iacetoxy-5a-androstan-6-one (XXXVII), 3p-acetoxypregn-5-
en-7 ,20-d ione (XXXVIII), 3p,20p-<lihydro?cypregn-5-ene 
(XXXIX), 3p-acetoxy-5p-hydroxy-B-norpregnan-20-one-6-oic 
acid 5 ,6~ lac tone (XL) and methyl-B-norpregnan-3^,5p--di-
hydroxy-20-one-6-oate (XLI). 
The compounds are s t r u c t u r a l l y very c l o s e to each 
o t h e r . I t was a n t i c i p a t e d t h a t they w i l l f o l l o w s i m i l a r 
fragmentation p a t t e r n . Thus o f f e r i n g a simple and e f f e c -
t i v e method of t h e i r c h a r a c t e r i z a t i o n by mass spectrometry. 
( xvii ) 



















This chapter deals In d e t a i l the important fragment 
ion peaks and tentat ive mechanism for their formation. 
The mass spectra showing molecular ion» b«se peak and other 
important peaks are shown below. 
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CHAPTER •- SIX 
X-rav Studies of Steroidal Compouodg 
A survey of l i terature revealed that there are 
number of s teroidal compounds for which crystallographic 
studies have been done. In continuation as a part of 
crystallographic investigation on steroids we have taken 
few steroidal compounds of cholestane ser ies synthesized 
in our laboratory, such as 6-nitrocholest-5-ene (XLII), 
3p-chloro-6-nitrocholest-5-ene (XLIII) and 5a-cholestan-
6-one (XLIV) for such studies . 
98^17 
(XLIV) 
( xxvl ) 
On the basis of X-ray analysis detail regarding 
crystal structure, bond length and bond angle ef each 
of the compound are given in this chapter. Diagrams 
showing the general view and packing of the molecules 
are shown below : 
General view of the molecule 
Packing diagram of th« molecules 
( xxvii ) 
C$M,7 
Packing diagram of the molecul es 
CsHi? 
Packing diagram of the molecules 
Jntrobuttton 
irfTRODUCTION 
Th« explosive growth of natural and synthetic chemistry 
in the field of steroids during the present century has 
been the result of concerted efforts of all the leading 
organic chemists. The problem of isolation of the steroid 
entities from natural sources, their great value in modern 
medicine and the interesting pharmacological properties have 
brought about an increasing interest. The synthetic modifi-
cation of naturally occurring steroids, with the hope of 
improving pharmacological essentialities, has resulted in 
preparation and discovery of a number of diverse pharmacolo-
gically active, potent, highly specific commercially impor-
tant therapeutic agents. The physiological activity of 
steroidal harmones depends on a number of factors. Among 
those of primary importance are stereochemistry and over all 
shape of the molecule. Thus, any really fundamental change 
(introduction of double bond, hydroxy group, acetate group 
and ring enlargement and contraction etc.) in the steroid 
nucleus should alter the stereochemistry as little as possi-
ble. Since these involve the modification of the basic carbon 
skeleton of the steroid nucleus itself, it provided an 
opportunity to deal with many problems of fundamental organic 
chemistry such as mechanistic and stereochemical aspects of 
transformations. Moreover, the deep involvement of modern 
spectroscopic tools (UV, IR, •'"H-NMR, ^^C-NMR, Mass spec-
trometry and X-ray analysis) in the structure elucidation 
of steroidal compounds is envisaged. 
During the last decade the major efforts of the che-
mists were directed towards modification in the structure 
of steroids in order to enhance their non-hormonal activity 
and to increase the selectivity of certain biologically 
active compounds. The broad spectrum of the biological 
activity found in these compounds and the multiplicity of 
action displayed by certain individual members make them 
one of the most interesting class of compounds. 
Our laboratory, concerned mainly with the syntheses of 
steroidal compounds and their identification by chemical 
and spectral studies, has reported the preparation of a 
number of heterosteroids. The fusion of any heterocyclic 
ring system to steroid or to introduce any heteroatom such 
as sulfur, oxygen, nitrogen or halogen found to augement 
the biological and industrial range of them. Hence in-
numerable methods started developing across the world to 
find the better substitutes for already existing steroids. 
As a matter of fact steroid chemistry was always proved to 
be much inviting to chemists and industries fascinated us 
to under take the work in this direction. 
Chapter 1 
Reactions of Steroidal Epoxides 
WIX^^XXTT^WSLI 
Epoxide ring opening reactions have been reported at 
1—4 
large In the recent past . The epoxide ring Is very 
sens i t ive and opens generally under mild conditions when 
5—8 I t comes In contact with acids or bases . A number of 
papers dealing with the react ions of epoxides with a variety 
of reagents have appeared where anionic and cat lonlc c l e a -
vages of epoxide ring followed by some novel rearrangements 
In certain cases have been reported. Among the various 
rearrangementSt the BF^-etherate catalysed cat lonlc rea-
9—11 rrangements of steroids and terpenoids which proceed 
with multicentre sh i f t s of alkyl groups and hydrogen atoms 
are of more Interest depending on the nature of e i ther com-
plete or partial s h i f t s . The products are known as 'Back-
bone rearranged* product or 'Westphalen* product. 
12 Collins** reported that when purified BF^-etherate 
reacts with 4a,5-epoxy-5a-cholestan-3-one (I^ and 4p-5-
epoxy-5p-cholestan-3-one ( I I ) In benzene afforded 4-hydroxy-
cholest-4-en-3-one ( I I I ) and A-nor-5^-cholestan-3-one (IV) . 




Reflua 18 hrs 
^ 
( I ) 
(IV) 
( I I ) 
^8" l7 
BF-a-etherate 
- 1 > ( I I I ) + (IV) 
Benzene 23 h r s . 
Ea«hthara st a l . obtained chole$t -5-en-3-ethyl -
ene d l t h i o l (V) on treating 4p,5-epoxy-5p-cholestan-3-one 
( I I ) with 1,2-ethanedithiol in th« presence of BF-j-etherate 
and acetic acid. 







Reaction of 3p-methoxy-9a,10~epoxide (Vi ; wi th BF^-
e therate in benzene provided products ( V I i ; , I V I l I ) , (IX) 
Under s imi lar r e a c t i o n c o n d i t i o n s ^-epoxide (X) provided 
conjugated dienes (XI) , ^XII) and the *£:2ik compound 




7 min. r . t . 
(VI) (VII) 




Benzene, 7 min 
r . t . 




Kirk e t a i . ^ ^ reported t h a t r e a c t i o n of 3p-acetoxy-5^6a. 
epoxy-4 ,4- -di iaethyl -5a-cholestane (XIV) with BF3-etherate 
atforded 5p~methy i -19 -nor -9 (10 ) -o l e f in CXV), ^ 






Benzene, 5 min. 
r . t . AcO 
CQH^J 
8 
Blunt et a l . studied th« reaction of 5,6a-epoxy-5a-
cholestane (XVIII) with BFo-etherate In benzene and reported 
^ 13(17) 
the formation of 5p-cholestan-6-one (XIX), 6a -hydroxy-^ 
compound (XX), cholesta-3,5-dlene (XXI), 5-formyl-B-nor-5a-







Richa rds e t a l . o b t a i n e d 6 P - f l u o r o - S a - a c e t o x y - S a -
hydroxy choles tane(XXV), 3 a - a c e t o x y - 5 a - c h o l e s t a n - 6 - o n e 
(XXVI), 3 a - a c e t o x y - 5 p , 1 4 p - d i m e t h y l - 6 a - h y d r o x y - 1 8 , 1 9 - b i s n o r ~ 
1 0 a - . c h o l e s t a n - 1 3 ( l 7 ) - e n e (XXVII) and (XXVIIl) by t h e r e a c t i o n 
of 3 a - a c e t o x y - 5 , 6 a - - e p o x y - 5 a - c h o l e s t a n e (XXIV) w i t h B F ^ - e t h e -













Blunt et a l . have s tudied the r e a c t i o n of 5 , 6 a -
epoxy-6^-methyl-5a-cholestane (XXIX), 3 p - a c e t o x y - 5 , 6 ^ -
epoxy~6a-inethyl-5^-cholestane (XXX) and 5 ,6P-epoxy-6a-
methyl-5P-cholestane (XXXI) with BF3-etherate i n benzene. 
The reac t ion of (XXIX) afforded 5-methyl-A-homo-B-nor-5p-
choles tan-4a-one (XXXII), Epoxide (XXX) gave Sp-ace toxy-
5- f luoro-6^-hydroxy-6a-methyl -5a-choles tane (XXXIIl) , 3p -
acetoxy-5-methyl-A-homo-B-nor-5^-cholestan-4a-one (XXXIV) 
and 3p-acetoxy-5-methy l -5a-cho les tan-6-one (XXXV), The 
r e a c t i o n of epoxide (XXXI) provided 6 - m e t h y l - c h o l e s t a - 3 , 
5-diene (XXXVI), 5 - a c e t y l - B - n o r - 5 p - c h o l e s t a n e (XXXVIl) 



















Blunt e t a l . s tudied the reac t ion of 3 a - a c e t o x y -
4a,5~epoxy--5a-cholestane (XXXIX) with BF^-etherate i n 
benzene and obtained 3 a - a c e t o x y - 5 a - c h o l e s t a n - 4 - o n e (XL) 
13(17) 















Hortshorn e t a l . showed the reac t ion of 4p ,5 -epoxy-4a-
«ethyl -5^-cholestan»CXLIl) with BF^-etherate i n benzene and 
obtained 5-methyl~5a-cholestan-4-one (XLIIl) and 5 p - a c e t y l -
A-nor-choles tane (XLIV) as t h e products . 
BFo-etherate 
^ 
COCH. Benzene, 2 min. 
O 
(XLIII) (XLIV) 
The r e a c t i o n of 4a ,5-epoxy-4^-methyl -5a-choles tane (XLV) 
wi th BFg-etherate in benzene provided 5-methyl-A-nor-B-






Coxon et a l . observed the formation of 5a~methyl-
cholestan-3,4~clione (XLVIIl) and 5^-acetyl~A-nor-choiestan-
3-one (XLIX) from 4p,5-epoxy-4a-methyl-Sp-cholestan~3-on« 




Benzene, 10 min, CK 
COCH-
(XLVII) (XLVIIl) (XLIX) 
The formation of 5a-acetyl-A~nor-cbole5tan-3-one (L I ) , 
4-roethylcholesta-4,6-dien-3-one (LI I ) , S-methyl-5^-choles-
tane-3 ,4-d lone (LI I I ) and enol ace ta te of 5-methyl-5^-choles• 
tane-3|4-<il<in€ (LIV) from 4«|5-«poxy-40-m€thyl-5a-chol«s-
tan-3-one (L) in benzene by t h e treatment of BF3-etherate 
21 








(LII I ) 
(LIV) 
3p-Ace toxy-5a- f luoro-4a-methy lcho le s tan-4p-o l (LVl) , 
3 p ~ a c e t o x y - 4 - m e t h y l c h o l e s t a - 3 , 5 - d i e n e ( L V I l ) , 3 p ~ a c e t o x y - 5 -
i i e t h y l - 5 a - c h o l e s t a n - 4 - o n e (LVIII) and compound (LIX) were 
obtained^^ when 3p-ace toxy -4p ,5 -epoxy-4a -methy l -5p -cho le s -










(LVII) (LVIII) (LIX) 
The r e a c t i o n of 3p-ace toxy-4a ,5~epoxy-4p-ne thy l -5a -
cholestane (LX) with BF^-etherate in benzene provided 3 ^ -
ace toxy-5 -methy l -5p-cho le s tan-4 -one ( IXI ) , 3 p - a c e t o x y - 5 -
methyl-A-nor-B-homo-5P-cholestan*6-one (LXIl)» 3p-acetoxy-
21 4a -methy l -5a -cho le s tan~4p ,5a -d io l (LXIII) . 
(LX) 









4a-methylcholest-&-en-4^-ol (DCVI; and (LXVIl) were obtained 
from 3a-acetoxy-4P,5-epoxy-4a-methyl-5p-cholestane(LXIV) In 
21 









5a-cholestane-4p, 5-diol (LXXII) and 3^-acetoxy-5a-f luoro-
cholestan-4p-ol (LXXIII) were obtained from t h e i r respec-
t i v e epoxides (UVIII-LXX) when treated with BF3-etherate 
t 18 









BF- j -e thera te 
• ^ 
Benzene, 1 h r . , 
r , t . AcOr 
(LXIX) (LXXII) 
CgHj^ y 
BF o-e therate____:^ 





Coxon e t a l . reported that t h e r e a c t i o n of 5 a , 6 -
epoxy-6p-phenyl-5a-cholestane (LXXIV) with BF^-etherate i n 
benzene provided A-homo-B-nor-t>p-phenylcholestan-4a-one 






Benzene, 20 C 
10 s e c . 
^ 
BF3-etherate 
(LXXIV) ^ Benzene 20°c 1 hr. 
(UXVI ) 
20 : 
The formation ot the 6p-phenyl-5-ketone (LXXVl) from 
A-homo-B-nor-4a-ketone (LXXV) may b^ r a t i o n a l i z e d as 
g iven below. 
Ph 
(LXXVI) 
Bowers e t al.*^** reported the i s o l a t i o n of a 3 - k e t a l -
6P-f iuoro-5a-hydroxy compound (LXXVIIl) by the treatment of 
3 - k e t a l - 5 a , 6 - e p o x i d e (LXXVII) with BF^-etherate i n benzene-







Reaction of 3 ^ - a c e t o x y - l l a , 1 2 - e p o x y - 1 2 p - p h e n y l t i g o -
genin (LXXIX) wi th BF^-etherate in benzene provided 12p-
methyl-12a-phenyl-- ^ 7 , 9 ( 1 1 ) diene (LXXX), l la-hydroxy-12p-









The rearrangement of the 12p-phenyl- l la , l2--epoxide 
(LXXIX) i s notable for the f ac t t h a t the I d e n t i f i e d p ro -
ducts a r i se by mechanist ic paths involving i n i t i a l l y the 
migration of t h e 13p-methyl group to C,^ "t* form carbonium 
ion . Loss of the 14a-H from carbonium ion gives the hy-
droxy o lef in (LXXXI) vnhile a s e r i e s of hydride s h i f t s 
followed by H^ l e s s and dehydration y i e ld s t h e diene (LXXX), 
the unsaturated aldehyde (LXXXII) a r i s e s by fragmentation 
of carbonium ions which are shown below : 






Reac t ion of 3 P - a c e t o x y - 5 , 6 a - e p o x y - 5 a - c h o l e s t a n e 
(UCVIII) and 3 , 3 - e t h y i e n e c l i o x y - 5 , 6 p - e p o x y ~ 5 p - c h o l e s t a n e 
(LXXXIII) w i t h B F 3 - e t h e r a t e i n benzene a f fo rded unsy -
mmetr ica l d i s t e r o i d a i e t h e r QLXXXIV^ and r e a r r a n g e d 
product (LXXXV) r e s p e c t i v e l y ^ * ^ . 
(LXVIII) 
P«H 8"17 














27 Wicha s tudied the r e a c t i o n of epoxide (LXXXVI) 
with BF3-etherate in benzene for 10 min, at ambient tem-






Cattel et al.^® obtained 13(l7)-baccharen-3p-ol 
CLXXXIX; by the reaction of 3p,4p-epoxy-shinonane ^LXXXVIIi; 







Dihydrobaccharisoxide ^LXXXIX;, D ,C- fr i edo -bacchar -7 -
en-3p~ol CXC), 4a - f iuorosh ionan-3p-o l (XCl), D , B - f r i e d o -
baccna-5-en--3p-ol (XCII) and D,B- fr iedo-bacchar-5 , lO-en-3^-
o l CXCIii; were obtained when 3p,4-epoxy-shionane 







(XCI) (XCII) (XCIII) 
26 
Bacchar-12-en-3p-ol KXCIW) and D,C-friedo-bacchar~ 
8-en-3p-ol ^XCV) were obtained'^ when 3p,4-epoxyshionane 
(LXXXVIII) was treated with BF3-etherate in benzene, tolu-
enecyciohexane or in hexane at -5 C or at room temperature 
(LXXXVIII) 
BFo-etherate^ 




30 Taltahashi et a l . reported that reaction of 3p ,4 -
epoxy-friedelan* (XCVI) with BF^-etherate in ether at -10°C 
afforded dendropanoxide CXCVIIJ, 4a-fluorofriedelan~30-ol 
: 27 I 
(XCYIII), D , B - f r l e d o - o l e a n - 5 ( 1 0 ) - e n - 3 p - o l (XCIX), p-amyrln 
(C) and D , B - f r l e d o - o l e a n - 5 - e n - 3 ^ - o l ( C I ) . 
E t h e r 
(XCVI) 




Bacchar-12-«n-3a-o l ( C I I l ) was obtained when 3a ,4~ 
epoxyshionane (CII) was t r e a t e d wi th BF^-etherate i n ben-




Benzene, r . t . 
HCr' 
(CII) ( G U I ) 
React ion of. 3fi,4a~ and 3^,4^-epoxy-D:A-friedo-18^,19aH-
Lupanes (CIV) with BFg-etherate i n benzene, THF or EtJ^ 
at room temperature atforded migrated lupane d e r i v a t i v e s . 
D:B-friedo-.18p,19a H, Lup-12-en-3-o l s (CV)-18-en-3-o l s 




Benzene or Ether 
or THF 
(CIV) (CV) 






Bert i e t a l . reported t h a t the r e a c t i o n of A*-neoga-
mmacer-17(2l)-en oxide (CVIIl) with BF^-etherate i n c h l a r o -
form afforded 28-nor-21a- inethyl -12 ,17-diene (CIX) and 22 ,29 , 











The reaction of 5,6a-epoxy-5a-cholestane (OCI-a), i t s 
33-chloro (CXI-b) and sp-acetoxy analogues (LXVIII) with 
acryloni t r i le (BF^-etherate as cata lyst) provided 5,6P-di-
hydroxy-5a-cholestane (CXII~a), i t s Sp-chloro (CXII-b) and 
3p-acetoxyanalogue§(CXII -c) and 5-hydroxy-6p-acrylamido-
ba-cholestane(CXIII-a), i t s 3p-chIoro(CXIII-b) and 30-
acetoxy analogues tCXIII-c; 
CQHJ_7 
CH2=CH-CN 









(CXII -a ) H 
(CXII -b) CI 
(CXII -c ) OAc 
CH=CH2 
(CXI I I - a ) 
(CXII I -b ) 






6 - N i t r o c h o l e s t - 5 ( 6 ) - e n e ( -4a ,3a-c l ) -2*-v inyl -2-oxa2ol ine 
(CXV) and 3a-hyc lroxy-4p-acry lamido-6-n i trocho les t -5 (6 ) -ene 
(CXVI) were obtained ,^ when 3 a , 4 a - e p o x y - 6 - n i t r o c h o l e s t - 5 





BF - e t h e r a t e 
Reaction ot 3p-acetoxy-5,6a-epoxy-5a-cholestane 
(LXVIII) and 3p-chloro-5,6a-epoxy-5a-cholestane (CXI-b) 
with nitrosyl chloride gas provided the respect ive isomeric 
32 
ch lo rohydr in s (CXVII-CXX) and d i o l s (CXIIc-CXIIb) . However, 
3 d , 4 a - e p o x y - 6 - n i t r o c h o l e s t - 5 ( 6 ) - e n e (CXIV), on s i m i l a r 
t r e a t m e n t af forded 3 a - c h l o r o - 4 P - n i t r a t o - 6 - n i t r o c h o l e s t - 5 



















Oxazo l id inone (CXXIII) and t r a n s - d i h y d r o x y compound 
(CXXll) were ob ta ined when 3 a , 4 a - e p o x y - 6 - n i t r o c h o l e s t -
5-ene (CXXV) was t r e a t e d w i th p h e n y l i s o c y a n a t e (AlCl^ 
used as c a t a l y s t ) . 
CgHj^ y 
(CXIV) (CXXII) 
R e a c t i o n of 5 ,6a-epoxy-5a- -choles tane (CXI-a) and i t s 
3 0 - s u b s t i t u t e d analogues (CXI-b, LXVIII) wi th l ead (IV) 
a c e t a t e provided hydroxy a c e t a t e s (CXXIV-CXXV) and 
38 






L e a d ( I V ) a c e t a t e 
. — 7 
Ac6 OAc 
(CXXIV) H (CXXVII) H 
(CXXV) CI (CXXVIII) CI 
34 
The r e a c t i o n of 3 p - a c e t o x y - 5 , 6 a - e p o x y - 5 a - c h o l e s t a n e 
(LXVIII) w i th a l l y l i s o t h i o c y a n a t e (AICI3 used as c a t a l y s t ) 
p rov ided 3 p - a c e t o x y - 5 a ~ h y d r o x y c h o l e s t a n - 6 p - i s o t h i o c y a n a t e 
(CXXXIV) and 3 p - a c e t o x y - 5 p - c h o l e s t a n o [ 5 , 6 a - d ] o x a z o l i d i n - 2 * -
t h i o n e (CXXXVIl). Under s i m i l a r r e a c t i o n c o n d i t i o n s e p o -
x i d e s (CXI-a, CXI-b) at fo rded 5 a - h y d r o x y i s o t h i o c y a n a t e s 
(CXXXV-CXXXVI) and o x a z o l i d i n - 2 * - t h i o n e s (CXXXVIII-CXXXIX) 
w h i l e t h e epoxide (CXXIX) provided (OCL) and (CXLI) as 

























R e a c t i o n s of s t e r o i d a l e p o x i d e s such as £>, 6a-epoxy~ 
5 a - c h o l e s t a n e (CXI-a) , i t s 3 p - c h l o r o (CXI-b) and S p - a c e -
toxy (LXVIIl) ana logues wi th u rea i n dimethylformamide 
af forded 6 p - a m i n o - 5 a - c h o l e s t a n - 5 - o l (CXLII-OCLIV), 6p-amtno-
N - f o r m y l - 5 a - c h o l e s t a n - 5 - o l (CXLV-OCLVIl) and 6p-ainino-N-
a m i d o - 5 a - c h o l e s t a n - 5 - o l (UXLVIII-CL) a longwi th t h e 5 a -
c h o l e s t a n e - 5 , 6 p - d i o l (CXIIa -CXIIc ) . In a d d i t i o n t o t h e s e 
compounds t h e 3p -ace toxy (LXVIIl) analogue a l s o a t t o r d e d 






























( C X I I - a ) 
( C X I I - b ) 









steroidal skeleton containing fused heterocycl ic 
systems have received much attention during the la s t few 
years primarily owing to various biological a c t i v i t i e s 
associated with such frameworks. Previous work from our 
laboratory also discribed the synthesis of such 
41-43 
steroidal compounds . This chapter deals with the 
reactions of cyclohexylisocyanate with s tero ida l epoxides 
such as 5,6a-epoxy-5a-cholestane (CXIaJ» 3^-chloro-5,6a-
epoxy-t>a-cholestane (CXIb), 3^-acetoxy-5,6a-epoxy-5a~ 
cholestane (LXVIII) and 3p-hydroxy-5,6a-epoxy-5a-choles-
tane (GXXIX) in N,N-aimethylformamide (LiBr as cata lys t ) , 
which provided steroidal hydroxyformates (CLII-CLV) and 
dio ls (CXIIa-CXIIc, CXLIX). The structures of these 
compounds were established on the basis of spectral e v i -
dences and comparison with authentic samples in known 
cases . 
38 
In ord«r to ru l e out the p o s s i b i l i t y of formation of 
hydroxyformates mediated by the solvent DMF, we a l so ca r r i ed 
out the reac t ion only in DMF (without using cyc lohexy l i so -
cyanate^ under s imi la r cond i t i ons , and obtained unreacted 


































Reaction of 5.6a-eDOXv-5a-cholestan» (CXIa) with cvc lo -
hexvllsocvanate : 
To a s t i r r e d so lu t ion of epoxide (CXIa) In N,N-dlmethyl-
formamlde were added Lithium bromide ( c a t a l y t i c amount) and 
cyclohexyllsocyanate C^qulmolar). S t i r r i n g was continued for 
12 hrs a t 60-80° temperature . After completion of the r e a c -
t i o n , the solvents was evaporated under reduced pressure and 
the res idue was extracted with e t h e r . The organic layer was 
Washed with water, sodium hydrogen carbonate so lu t ion (55C) 
and again with water and dr ied over sodium sulphate (anhy-
d r o u s ) . Evaporation of the solvent gave an o i l y r e s idue 
which on s i l i c a gel column chromatography afforded two so l id 







Character izat ion of the compound. m.p» 121** as 63-formvloxy-
Sa- cholestan-5«"ol (CLIIJ : 
The compound, m.p. 121° was c o r r e c t l y analysed for 
CggH^gOg. The IR spectrum of the compound showed strong 
absorption bands around 3450 (-OH; and 1700 cm" ^ - O - C - H ; . 
The H-NMR spectrum of the compound e x h i b i t e d two s i n g l e t s 
integrat ing for one proton each at d 8 . 1 0 and 4 . 7 6 and were 
assigned to ( 0 ~ C - H ; and C6-aH r e s p e c t i v e l y . Hydroxy proton 
appeared as s i n g l e t at 2 .43 (exchangeable wi th deuter ium;. 
The other s i g n a l s were seen at d 1,1 (C10^-CH2), 0 . 6 5 
(C13^-CH3) and 0 . 8 5 , 0 .77 (other methyl p r o t o n s ; . In i t s 
13 
C-NMR spectrum, a s i g n a l at d 160.b6 was observed for 
)-C-H. 
-0- - , The above s p e c t r a l and elemental a n a l y s i s suggested 
the s tructure of the compound, m.p, 120° as 6^-forrayioxy-5a-
c h o l e s t a n - 5 - o l (CLI l ) , This s t ruc ture was fur ther supported 
by mass s p e c t r a l s t u d i e s . The mass spectrum of t h e compound 
(CLII) gave the molecular ion peak at Mt 432 (C28H^8°3; 
fol lowed by other s i g n i f i c a n t fragment i o n peaks at m/z 417, 
414 , 399, 386, 371 , 370, 355, 319, 301 , 273 , 257 and other 
lower mass peaks . The formation of some of the fragment 
ions has been r a t i o n a l i z e d according t o Scheme-1, 
SCHEME-I 






Charac te r iza t ion of the compound. •i»p» 123^ as 5a-cholestan»-
5.6B-CII0I (CXIIa) : 
The compound (CXIIa), m.p. 123** was analysed for 
^27^48^2 "^*^  ^^^ found I d e n t i c a l (m.p.» m.m.p., TLC, IR and 
H-NMR) with authentic sample of 5a-cho les tan-5 ,6p-d io l 
(reported'*'*, m.p. 125-127°). In i t s -^ C^-NMR spectrum, 
s igna l s were observed at d 7 2 . 3 , 69.9 and were assigned t o 
Ct (-y-OH) and C, (-C-OH) r e s p e c t i v e l y . The mass spectrum 
of the compound (CXIIa) gave molecular ion peak a t M. 404 
followed by other peak at m/z 386 due t o the loss of the 
water molecule. 
Reaction of 36-chloro-5.6a-epoxY~5tt-cholestane (CXIb) with 
cvclohexvlisocy^nate : 
The epoxide (QCIb) in N,N-dimfehylformamide was s t i r r e d 
with cyclohexylisocyanate (equimolar) , (LiBr used as c a t a -
l y s t ) at 60-80° for 12 h r s . The reac t ion mixture was worked 
up as usual and af ter chromatographic separa t ion two so l id 




Charac ter i za t ion of the compound, m.p. 152° as 3B-ch loro-
66-formYloxy-Sa-cholestan —5-ol (CLIIl) : 
The compound, m.p. 152° showed elemental a n a l y s i s , 
compitable with molecular formula ^28^47^^^3 ( P o s i t i v e 
B e i l s t e i n t e s t ) . The IR spectrum exhibi ted bands at 3430 
(-OH),1700(-0-J-H) and 740 cm"^ (C-Cl ) . In i t s ^H-lMi 
spectrum two s i n g l e t s were observed at d 8 .10 and 4 , 8 0 
i n t e g r a t i n g for one proton each and were assigned t o 
( - O - C - H ; and C6-aH r e s p e c t i v e l y . A mul t ip l e t centered at 
d 4 . 3 2 (Wl/2 = 17Hz, ax ia l , A/B r i n g junct ion trans)'*^ i n -
t e g r a t i n g f o r one proton was obtained for C3-aH. A s i n g l e t 
44 
appeared at d 2.40 (exchangeable with deuterium) was 
assigned t o C5-0H. The other s igna l s were observed at 
d 0.96 (CIO-.CH3), 0.73 (CI3-CH3), 0.86 and 0.80 (remain-
13 ing s ide chain methyl p r o t o n s ) . In i t s C-NMR spectrum 
a s igna l was observed at d 160.0 and was assigned t o 
-0-C-H. The mass spectrum of the compound (CLIIl) gave 
in t ense molecular ion peak at Mt 466/468 ( 3 : 1 , CggH^yClO^) 
followed by other d i s t i ngu i sh ing peaks at m/z 451/453, 
448/450, 433/435, 430, 420/422, 415, 412, 405/407, 404/406, 
389/391, 384, 368, 353/355, 335/337, 307/309, 291/293 and 
other lower mass peaks. The fragmentation path way of 
important fragment ions has been ra t iona l i zed according 
t o scheme-2. On the bas i s of above discussion, the s t r u c -
t u r e for t h i s compound, m.p, 152° was confirmed as 3p-chloro-

























Charac te r iza t ion of the compound, in»p. 126° as 3g-chloro-
5a-cholestana~5.66~ciiol (CXIIb) : 
The compound (CXIIb), m.p. 126° analysed for CgyH^yClO 
(Pos i t ive B e i l s t e i n t e s t ) was found i d e n t i c a l (m.p . , m.m.p., 
TLC, IR and ^H-NMR) with authent ic sample of 3^-chloro-5a-
cholestane-5,6p--didlfreported'*^, m.p. 125°) . In i t s •''^ C-NMR 
spectrum s i g n a l s were observed at d b6 .8 , 7 6 . 3 , 72.1 and 
were assigned t o C3 (C-Cl), C^ (-C-OH) and C. (-p-OH) r e s -
H 
pec t ive ly . The mass spectrum of the compound (CXIIb) gave 
molecular ion peak at Mt 438/440 ( 3 : 1 , ^27^47^-'-^2'^ followed 
by a d i s t i n g u i s h i n g peaks at m/z 420/422 due t o the loss of 
water molecule. 
Reaction of 3B-acetoxy-5.6a-epoxy-5a-cholestane (ULIV) 
with cvclohexvlisocvanate : 
The epoxide (LXVIII) in N,N-dimethylformamide was 
s t i r r e d with cyclohexylisocyanate (equimolar) (LiBr used 
as c a t a l y s t ) a t 6O-80° for 12 h r s . After usual workup and 
column chromatographic separa t ion of the crude s o l i d , two 
compounds having m . p . s . , 160° and 208° were i s o l a t e d . 
47 t 
CQHJ_7 
AcO 0.^ DMF, LiBr^cO 
( U V I I I ) 
(CLIV) (CXIIc) 
C h a r a c t e r i z a t i o n of t h e compound. m»p. 160 as 3 3 - a c e t o x v -
60-formvloxY--5a-choles tan-5-o l (CLIVJ : 
The compound, m.p . 160** was c o r r e c t l y ana ly sed f o r 
C^QHRQO^. I n i t s IR spectrum, bands e x h i b i t e d a t 3420 
C - O H ; , 1720 (-O-B-CH3) and 1710 cm"-'- ( - 0 - C - H ) . •'"H-NMR 
spectrum of t h e compound, m*p. 160° had two s h a r p s i n g -
l e t s at d 8 .10 and 4 .80 i n t e g r a t i n g fo r one p r o t o n each 
and were a s s i g n e d t o -0-C-H and C6-aH r e s p e c t i v e l y . A 
m u l t i p l e t Observed a t d 5 .21 (Wl/2 « 17Hz, a x i a l , A/B r i n g 
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45 junction trans) integrating for one proton ascribed to 
C3-aH. Hydroxyl proton appeared as singlet at d 2.41 
(exchangeable with deuterium). Other signals were observed 
at d 1.13 (CIO-CH3;, 0.7 (CI3-CH3;, 0.9 and 0.80 (remain-
13 ing side chain methyl p r o t o n s ) . C-NMR spectrum had two 
bands at d 170.7 (-0-C-CH3) and 160.0 (-0-C-H). On the 
basis of above evidences, the s t ruc tu re for the compound, 
m.p. 160° was formulated as 3p-acetoxy-6p-formyloxy-5a-
cholestan--5-ol (CLIV). Further evidences in support of 
s t ruc tu re (CLIV) was found by i t s mass spectrum. The 
compound (CLIV) showed molecular ion peak at M. 490 
(C^QHCQOC), along with s i g n i f i c a n t ion peaks a t m/z 475, 
473, 472, 457, 444, 430, 429, 428, 415, 413, 377, 35y, 331, 
317, 315 and other lower mass peaks. Formation of some 
of the fragment ions have been shown in scheme-3. 
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SCHEME-3 
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m/z 317 
~1+ 
m/z 428 m/z 331 




Charac te r iza t ion of the compound, m.p. 208° as 3B--acetoxv-
5a-cholestane~5.^6~o[i6l (CXIIc) : 
The compound, m.p. 208° analysed for Cg^H^O^ was 
found i d e n t i c a l (m.p. , ra.m.p., TLC, IR and H~NMR) with 
authent ic sample of 3p-acetoxy-5a-cholestane-5,6P-di61 
(reported , m.p. 208°) . In I t s C-NMR spectrum s igna l s 
were observed at d 169.5, 75 .5 , 66.5 and were assigned t o 
O Ijl 
CH^-C-O, C^ (-C-OH) and C. (-€^-0H) r e s p e c t i v e l y . The mass 
spectrum of t h i s compound (CXIIc) gave molecular Ion peak 
a t Mt 462 (C29H^02) followed by other peak at m/z 444 due 
t o the loss of Water molecule. 
Reaction of 36~hvdroxy-5.6a~epoxv--cholestane (CXXIX) with 
cvclohexvllsocvanate : 
The epoxide (CXXIX) In N,N-dlmethylformamlde was 
s t i r r e d with cyclohexyllsocyanate (equlmolar) , (LlBr 
used as c a t a l y s t ) at 60-80° for 12 h r s . After usual work 
up and column chromatographic separat ion of the o i l y 
r e s idue , two products having m.p. 110° and 244° were 





C h a r a c t e r i z a t i o n of th» compound, in»p. 110 as 3g-hydroxv-
6 6 - f o r m v l o x y ~ 5 g - c h o l e s t a n - 5 - o l (CLV) : 
The compound, m.p . 110° was ana lysed t o r ^os^AS^A* 
The IR spec t rum showed bands a t 3400 (-0H) and 1700 cm"^ 
( -0 -C-H) . H-NMR spectrum d i s p l a y e d two s i n g l e t s a t d 
8 .10 and 4 . 8 0 i n t e g r a t i n g f o r one p r o t o n each and were 
O 
as s igned t o -O-C-H and C6-aH r e s p e c t i v e l y . A m u l t i p l e t 
i n t e g r a t i n g f o r one pro ton was observed a t d 5 .21 (Wl/2 = 
17Hz, a x i a l ) f o r C3-aH. T h e r e f o r e , A/B r i n g j u n c t i o n i s 
52 : 
trans'*^ . Hyaroxyl protons appeared as singlet at d 2.42 
(exchangeable with deuterium). Other signals were observed 
at d 0.98 (CIO-CH3), 0.70 (C13~CH3), 0.90 and 0.80 (remain-
13 ing s ide chain methyl p ro tons ) . C-NMR spectrum of the 
compound showed band at 160.9 assigned t o (-0-C-H). Thus 
O 
on the bas i s of above d i scuss ion , the compound, m.p. 110 
was cha rac te r i zed as 3p-hydroxy-6P-formyloxy-5a-cholestan-
5-0I (CLV). This s t r u c t u r e was fur ther supported by i t s 
mass s p e c t r a l s t u d i e s . The mass spectrum of the compound 
(CLV) showed in t ense molecular ion peak at m/z 448 (M.) 
^^28^48^4^' followed by other s i g n i f i c a n t fragment ions at 
m/z 433, 431, 430, 415, 402, 387, 386, 384, 371, 368, 335, 
317, 289, 273 and other lower mass peaks. Genesis of some 
of the fragment ions are shown in scheme-4. 
SCHEME-4 
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C h a r a c t e r i z a t i o n of t h e compound. m«p» 244*"* as SB-hydroxy-
5a -cho les t ane~5 .66- -d lo l (CXLIX) : 
The compound, m . p . 244^ ana lysed for ^2Q^AQ^3 ^^^ 
found i d e n t i c a l ( m . p . , mixed m . p . , TLC, IR and H-^Ml) 
w i th t h e a u t h e n t i c sample of t h e d l o l (CXLIX) ( reported"*^, 
m . p . 2 4 4 ° ) . In I t s C-NMR s i g n a l s were observed a t d 
7 2 . 1 , 7 3 . 1 , 71.7 and were ass igned t o C3 (-C-OH), C^ 
H 
(-C '^-OH) and C^ (-t-OH) r e s p e c t i v e l y . The mass spec t rum 
H 
of t h e compound (CXLIX) gave molecu la r ion peak a t MI" 420 
^^28^48^3^ and o t h e r peak a t m/z 402 due t o t h e l o s s of 
wa te r molecu le . 
Cxpertmental 
All melting points were observed on a Kofler hot block 
apparatus and are uncorrected. IR spectra were obtained in 
KBr/Nujol with a Pye-Unicam SP3~100 spectrophotometer and 
JASOO A-100 spectrometer. IR values are given in cm" . 
H-NMR spec t ra were run in CDCI3 on a Varian A-60D and 
XL-400 spectrometer with Me.Si as the i n t e r n a l s tandard and 
i t s values are given in ppm (d) (s = s i n g l e t , d = double t , 
t = t r i p l e t , dd = double double t , br = broad and mc = m u l t i -
p l e t centred a t ) . Mass spec t ra were measured on JMS D-300/ 
AIE MS-9 and JEOL JMS-DX 300 spectrometer . The mass values 
of fragment ions trom various compounds are given in paren-
theses ind ica t ing the r e l a t i v e abundance (%) of the peaks 
with respec t to the base peak as 100^. Thin layer chroma-
tographic (TLC) p la tes were coated with s i l i c a ge l and 
sprayed with 209^  aqueous so lu t i on of perchlor ic a c i d . 
S i l i c a gel ^20 g; was used for one gran ot the ma te r i a l to 
be separated in column chromatography. Petroleum e the r 
r e f e r s t o a f rac t ion of b . p . 40-60**, sodium sulphate ^an-
hydrousj was used as the drying agent . 
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Cholest-5-ene : 
3p-Chlorocholest-5-ene U5«0 Q) was dissolved in warm 
amyl alcohol ^350 ml) and sodium metal (30,0 g> was added 
in small po r t ions t o the so lu t ion with continous s t i r r i n g 
over a period of 8 h r s , The r e a c t i o n mixture was heated 
now and then during the course of r eac t i on in order to keep 
the sodium metal d i s so lved . The r eac t i on mixture was poured 
i n to Water, a c id i f i ed with HCl and allowed to stand over-
n igh t . A white c r y s t a l l i n e so l id was obtained which was 
f i l t e r e d under suc t ion and washed thoroughly with water 
and d r i ed , R e c r y s t a l l i z a t i o n of crude ma te r i a l from acetone 
gave compound in cubes ^10,a g ) , m,p, 93 (reported , m,p, 
8 9 , 5 - 9 1 , 5 ° ; . 
5«6a-Epoxy-5a-cholestane (CXIaJ : 
Cholest-5-ene ^6 g) in chloroform ^40 ml) was t r ea ted 
with a s o l u t i o n of perbenzoic acid ^1:1 mol equivalent) in 
chloroform and l e t t at -B° for 20 h r s . The r eac t ion mix-
t u r e Was washed success ively with ice-co ld sodiumbicarbonate 
so lu t ion {,SX)f water and sodium th iosu lpha t e so lu t ion (5?J) 
and then water and dr ied over sodium sulphate (anhydrous^. 
Evaporation of the solvent yielded (CXIa) as an o i l which 
was c r y s t a l l i z e d from acetone as needles (4 ,3 g), m,p. 76° 
Ueported"*®, m,p. 76° ) , 
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Reaction of 5.6a-epoxy-5a-cholestane CCXIaJ with cyc lo -
hexvllsocvanate ; 6B-Formvloxv~5g-cholestan-5-ol CCLIi; 
and 5a-choles tane-5 .63-d lo l iCXIIa; : 
To a s t i r r e d so lu t ion ot the epoxide (CXIa; (2 .0 g, 
5 .1 m moi; in DMF (dry, 20 ml) were added l i thium bromide 
( c a t a l y t i c amount) and cyclohexylisocyanate (equimolar ) . 
S t i r r i n g was continued for 12 h r s . at 60-80° tempera ture . 
After completion of the r e a c t i o n , the solvent was evapora-
• ted under reduced pressure and the residue was ex t rac ted 
with e t h e r . The organic layer was washed with water , 
sodium bicarbonate so lu t ion (53^) and again with water and 
dr ied over sodium sulphate (anhydrous). Evaporation of the 
solvent l e f t an o i l which was chromatographed on a s i l i c a 
gel column (40 g ) . Elut ion with petroleum ether - e ther 
(25:1) and r e c r y s t a l l i z a t i o n from petroleum ether afforded 
6p-formyloxy-5a-cholestan-5-ol (CLIi) ( l .O g, 2.3 m mol), 
m.p. 121°. 
Analysis found : C, 77.74; H, 11.12 
CggH^gOg requ i res : C, 77.78; H, 11.11%. 
O 
IR : -N) max 3450 (OH), 1700 cm"-^  (-0-C-H). 
^H-NMR d 8.10 (., -0-C-H), 4.76(3, c6-aH, axial), 
2.43 (s, C5-a0H, exchangeable with deu-
terium), 0.93 (CIO-CH3), 0.73 (CI3-CH3), 
0.85, 0.82 (other methyl protons). 
58 
13 
C-NMR : Chemical s h i f t s a r e t a b u l a t e d i n Tab l e -1 
TABLE-1 
^'^C-Chemical s h i f t s i n [d(ppm)] f o r 6p - fo rmyloxy-5a -
















Chemical s h i f t s 
i n Ld(ppm)] 
3 7 . 2 
3 2 . 0 
3 7 . 2 
38 .6 
7 4 . 1 
71 .3 
4 5 . 0 
33o7 
55 .6 
3 9 . 2 
20 .9 
3 9 . 9 
4 2 . 7 


















Chemical s h i f t s 
in [d(ppm)] 
23o8 
2 8 . 0 
5 5 . 5 
12 .1 
18 .7 
3 6 . 1 
18 .0 
3 6 . 0 
23 o8 
3 9 . 4 
2 8 . 1 
2 2 . 5 
2 2 . 7 
160.56 
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MS : Mt 432 (5.0, C28H^Q03), 417 (2.0, C27H^503), 415 (l8.0, 
C28H47O2), 414 (5/.0, C^gH^jjOg), 399 (2.0, C^^H^^O^), 
388 (2.0), 387 (13.0), 386 (27.0, Cg^H^^O), 372 (6), 
371 (22.0, Cg^H^gO;, 370 (9.0, CgyH^^), 369 (43.0), 
368 (100.00), 367 (2.O), cJ57 (l.O), 355 (3.0, f'*26"43^ » 
354 (12.0), 353 (40.0), 344 (l.O), 343 (l.O), 342 
(1.0), 331 (5.0), 319 (8.3, O^H^^O^), 301 ^3.0, 
C^QH^^O^), 283 (3.0), 275 (7.0), 274 (l^.O), 273(12.0, 
^19^29°^' 264 (2.0), 263 (7.0), 262 (3.0), 261 (6.0), 
260 (14.0), 259 (ll.O), 257 (2.O, Cj^9H29), 256 (4.0), 
255 (19.0), 248 (2.0), 247 (8.O), 246 (7.0), 245(3.0), 
242 (2.0), 241 (2.0), 233 (18.0), 232 (I6.O), 231 
(22.0;, 230 (5.0), 229 (26.0), 228 (56.0), 227 (8.O), 
220 (1.0), 219 (2.0), 218 (l.O), 217 (5.0), 216(l5.0), 
215 (33.0), 214 (40.0), 213 (6O.O), 206 (2.0), 203 
(3.0), 202 (2.0), 201 (8.0), 200 (4.0), 199 (l4.0), 
193 (1.0), 191 (1.0), 190 (1.0), 189 (3.0), 187 (3.0), 
186 (4.0), 185 (7.0), 178 (2.0), 177 (3.0), 176 (l.O), 
175 (3.0), 174 (2.0), 173 (5.0), 172 (7.0), 171 (6.O), 
165 (2.0), 164 (2.0), 163 (4.0), 161 (11.O), 160 
(10.0), 159 (24.0), 158 (2.0), 157 (2.0), 153 (3.0), 
152 (12.0), 151 (3.0), 150 (2.0), 149 (9.0), 148(6.0), 
147 (11.0), 146 (6.0), 145 (13.0), 139 (l.O), 138 
(3.0), 137 (3.0), 136 (6.O), 135 (lO.O), 134 (4.0), 
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133 ( 6 . 0 ) , 131 ( 2 . 0 ) , 126 ( 7 . 0 ) , 125 ( 3 0 . 0 ) , 124 ( 7 . 0 ) , 
123 (11 .0 ) , 122 (19 .0 ) , 121 (7 .0 ) , 120 ( 3 . 0 ) , 119(3.0) , 
118 ( 1 . 0 ) , 113 ( 1 . 0 ) , 112 (8 .0 ) , 111 ( 5 . 0 ) , 110 ( 4 . 0 ) , 
109 (15 .0 ) , 108 (36 .0 ) , 107 (8 .0 ) , 106 ( 2 . 0 ) , 105 
( 3 . 0 ) , 98 ( 2 . 0 ) , 97 ( 5 . 0 ) , 96 (4 .0 ) , 95 ( l 2 . 0 ) , 94(4 .0) , 
93 ( 5 . 0 ) , 91 ( 1 . 0 ) , 85 (3 .0 ) , 83 ( 9 . 0 ) , 82 ( 5 . 0 ) , 81 
(10 .0 ) , 79 ( 1 . 0 ) , 71 ( 6 . 0 ) , 70 ( l .O) , 69 ( 6 . 0 ) , 67(2 .0 ) , 
57 (10 .0 ) , 56 ( 3 . 0 ) , 55 ( 2 . 0 ) . 
Further e l u t i o n with petroleum ether - e the r ( l : l ) 
gave a so l id which was r e c r y s t a l l i z e d from petroleum ether 
t o afford 5a-choles tane-5 ,6p-d io l (CXIIa) (0.630 g, 1.55 m 
mol), m.p. 122-123° (reported"*^, m.p. 125°). 
^^ C-NMR : Chemical s h i f t s are tabulated in Table-2 
TABLE-2 

































3 8 . 6 
7 2 . 3 
6 9 . 9 
3 3 . 7 
3 9 . 4 
51 .0 
39 .2 
2 1 . 3 
3 9 . 0 
3 9 . 6 











1 1 . 9 
18 .6 
3 5 . 8 
1 8 . 1 
3 6 . 1 
2 4 . 0 
3 9 . 5 
2 8 . 1 
2 2 . 5 
2 2 . 7 
36-Chloro-5.6a-eDOXY-5a-cholestane (CXIb) : 
3p-Chlorocholest-5-ene (11 g) in chloroform (100 ml) 
Was t r ea ted with a so lu t ion of perbenzoic acid ( 1 : 1 mol 
equivalent) and l e f t for 20 h r s . at a temperature of - 8 ° . 
The r eac t ion mixture was then washed success ive ly with i c e -
cold sodium bicarbonate so lu t i on ib%), water , sodium t h i o -
sulphate (5?B) so lu t ion and again with water . Evaporation 
of the solvent yielded (CXIb) as an o i l which was c r y s t a -
l l i z e d from acetone as needles (8 .1 g ) , m.p. 89° ( repor ted^^, 
m.p. 89 .5 -90 .5° ) . 
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Reaction of 33-chloro-5.6a-epoxv~5a~cholestane (CXIb) with 
cyclohexylisocvanate : 3g-Chloro~66-formyloxv-Sa-cho-
lestan-S-ol (CLIII) and 36~chloro--5a--cholestane-5.6B-dlol 
(CXIIb) : 
To a stirred solution of the epoxide (CXIb) (2.0 g, 
4.75 m mol) in DMF (dry, 20 ml) were added lithium bromide 
(catalytic amount) and cyclohexylisocyanate (equimolar), 
under similar reaction conditions as described ear l ier . 
After usual work up and evaporation of the solvent furni-
shed an oil which was chromatographed on a s i l ica gel 
column (40 g). Elution with petroleum ether - ether (20:l) 
and crystallization from petroleum ether afforded Sp-chloro-
6P-formyloxy-5a-cholestan-5-ol (CLIIl) (1.2 g, 2.5 m mol), 
m.p. 152°. 
Analysis found i C, 72.04j H, 11.0 
CggH y^ClO^ requires : C, 72.02; H, 10.07SIS 
IR : ^ ^ ^ j ^ 3430 (-0H), 1700 (-0-)?-H), 740 cm~^  
(C~C1). 
•^H-NMR : dS.lO (s, -0-C-H), 4.80 (s, C6-aH), 4.32(m, 
17Hz, C3-aH, axial, A/B ring junction trans), 
2.40 (s, C5-aOH, exchangeable with deuterium), 
0.96 (CIO-CH3), 0.73 (CI3-CH3), 0.86 and 
0.80 (other methyl protons). 
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•'•'^ C-NMR : Chemical shifts are tabulated in Table-3. 
TABLETS 
^^C-Chemical s h i f t s in [d(ppm)3 for 3p-chloro-6p-formyloxy-
















Chemical s h i f t s 
i n [d(ppm)] 
3 7 . 6 
4 1 . 9 
5 6 . 1 
4 5 . 3 
7 5 . 3 
7 5 . 2 
4 5 . 3 
3 3 . 4 
5 6 . 1 
3 9 . 4 
2 0 . 9 
4 1 . 9 















l i II 
-0-C 
1 H 
Chemical s h i f t s 
i n [d(ppm)] 
23 .8 






3 6 , 1 
39 .7 
2 8 . 1 
2 2 . 5 
160 
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MS : Mt 466/468 (15.0/5.0, C2gH^7C103), 451/453 (7.5/2.5, 
C27"44^^^3^' 449/451 (21.25/7.1, CggH^^ClOg), 448/ 
450 (68.75/22.92, C^QH^^CIO^), 436 (1.25), 433/435 
(3.5/1.1, C27H42CIO2), 432 (2.5), 430 (10.25; 
^8^46^3^' 420/422 (40.0/13.1, C27H45CIO), 415 (1.25, 
C27H43O3), 414 (2.5), 413 (3.75), 412 (7.5, C2QH^402), 
408 (1.25), 405/407 (10.0/3.33; C2^H^2^10), 404/406 
(33.0/11.0, C27H45CI), 403 (36.0), 402 (79.00), 397 
(1.25), 395 (1.5), 394 (1.2), 393 (l.O), 392 (1.25), 
390 (7.25), 389/391 (36.25/12.08; C2^H42Cl), 388 
(22.0), 387 (100), 386 (30.0), 384 (40.0), 383 (1.25), 
382 (1.25), 380 (1.25), 379 (1.25), 378 (2.5), 377 
(2.5), 376 (5.0), 372 (l.25), 371 (1.25), 370 (lO.O), 
369 (27.0), 368 (9.0, C27H^4), 367 (30.25), 366(55.0), 
365 (1.25), 364 (1.25), 363 (1.25), 360 (l.25), 359 
(1.25), 358 (1.25), 357 (2.10), 356 (6.25), 353/355 
(7.25/2.08, C20H3QCIO3), 352 (7.25), 351 (22.0), 340 
(1.25), 338 (1.25), 335/337 (3.75/1.25, C2oH28C102^* 
333 (1.25), 332 (1.25), 331 (4.75), 330 (5.0), 329 
(1.25), 328 (1.25), 327 (5.0), 326 (14.75), 325(7.25), 
324 (1.25), 319 (1.25), 318 (1.25), 317 (6.25), 316 
(1.25), 315 (1.25), 314 (1.25), 313 (1.25), 312(5.0), 
311 (3.0), 310 (9.0), 307/309 (7.25/2.41), 303(1.25), 
302 (4.25), 301 (6.25), 300 (1.25), 299 (2.4), 298 
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(1.25), 297 (2,5), 296 (lO.O), 295 (12.50), 294 
(23.25), 291/293 (7.25/2.41), 292 (lO.O), 290 (11.25), 
289 (25.0), 288 (3.25), 287 (3.25), 286 (1.25), 285 
(1.25), 283 (1.25), 282 (3.25), 281 (6.25), 280 (7.0), 
279 (5.0), 278 (3.25), 277 (3.25), 276 (7.25), 275 
(8.25), 274 (1.25), 273 (3.25), 272 (4.50), 271(10.O), 
270 (1.50), 269 (4.5), 268 (12.O), 267 (17.0), 266 
(25.0), 265 (50.0), 264 (76.25), 263 (45.0), 262 (lOO), 
261 (21.0), 260 (3.25), 259 (3.0), 258 (3.25), 257 
(4.25), 256 (1.25), 255 (2.5), 254 (5.0), 253 (15.25), 
252 (5.0), 251 (14.0), 250 (38.0), 249 (49.25), 248 
(63.50), 247 (78.50), 246 (6.25), 244 (l.O), 244(7.50), 
243 (3.25), 241 (1.25), 240 (2.5), 239 (3.25), 238 
(1.25), 237 (7.25), 236 (5.0), 235 (14.0), 234 (6.25), 
233 (22.50), 232 (3.25), 231 (6.25), 230 (lO.O), 229 
(13.75), 228 (5.0), 227 (24.0), 226 (18.O), 225(10.0), 
224 (1.25), 223 (3.0), 222 (2.5), 221 (7.50), 220 
(5.0), 219 (12.50), 218 (1.25), 217 (5.0), 216 (1.25), 
215 (4.0), 214 (7.75), 213 (35.50), 212 (23.25), 211 
(70.25), 210 (2.5), 209 (3.25), 208 (6.25), 207(11.25), 
206 (13.25), 205 (112.25), 197 (24.0), 196 (10.25), 
193 (27.0), 190 (30.0), 185 (15.0), 183 (10.5), 163 
(10,0), 162 (6.25), 161 (18.72), 160 (7.25), 159(45.0), 
158 (27.0), 157 (26.0), 156 (lO.O), 152 (51.25), 149 
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(42.25) , 147 (18 .0) , 146 (lO.O), 145 (17 .25) , 144(9 .0) , 
143 (15 .0) , 140 ( 1 . 2 5 ) , 139 (3 .25) , 136 ( 1 8 . 0 ) , 135 
(42 .0 ) , 133 (15 .0) , 132 ( 6 . 0 ) , 131 (13.50) , 129(4.50) , 
127 (1 .5 ) , 126 (4 .50) , 125 (S.O), 124 (7 .25 ) , 123 
(33 .0 ) , 122 (57 .0) , 121 ( 2 4 . 0 ) , 120 (21 .0) , 119 ( 1 8 . 0 ) , 
118 (48 .0) , 117 (4 .50) , 109 (48.0) , 108 (80 .50 ) , 107 
(22.50) , 106 (6 .25) , 105 (12 .25) , 104 (1 .25 ) , 97 
(2O.0), 96 (12.25) , 95 ( 3 5 . 0 ) , 94 (13.25) , 93 ( 1 5 . 0 ) , 
85 (6 .25) , 83 (25 .0) , 82 (18 .25) , 81 (26 .25) , 80 
(3 .25) , 79 (4 .5 ) , 74 ( 6 . 2 5 ) , 71 (21.25), 70 (7 .25 ) , 
69 (20 .0) , 68 (6 .25) , 67 ( 5 . 0 ) , 59 (1 .25) , 58(1 .25) , 
57 (28.25) , 56 (6 .25) , 55 ( 7 . 5 0 ) . 
Further e lu t ion with petroleum ether - e ther (1 :1) 
afforded 3p-chloro-5a-choles tane-5 ,6P-diol (CXIIb) which 
was r e c r y s t a l l i z e d from petroleum ether (0.580 g, 1.32 m 
mol), m.p. 126° (reported , m.p. 125°). 
13 
•^  C-NMR chemical sh i f t s are given in Table-4. 
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TABLE-r4 
^^C~Chemical s h i f t s in [d(ppm)] fo r 3 ^ - C h l o r o - 5 a - c h o l e s t a n e -
5 ,6^~d io l (CXIIb) : 
Carbons Chemical s h i f t s Carbons Chemical s h i f t s 
















4 2 . 5 
56 .8 
4 6 . 0 
76 .3 
7 2 . 1 
3 3 . 1 
3 9 . 5 
51 .0 
3 9 . 4 
2 1 . 3 
42o5 
3 9 . 4 














2 3 . 8 






3 6 . 1 
2 3 . 9 
3 9 . 5 
2 8 . 0 




A mixture of cho les te ro l (50.0 g ) , pyr id ine (75 ml, 
f reshly d i s t i l l e d over KOH) and f reshly d i s t i l l e d ace t ic 
anhydride (50 ml) was heated on a steam, ba th fox 2 hours . 
The r e s u l t i n g brown solut ion was poured on t o crushed i c e -
water mixture with s t i r r i n g . A l i gh t brown so l id was 
obtained which was f i l t e r e d under suc t ion , washed with 
water to remove pyridine and a i r d r i ed . The crude product 
on r e c r y s t a l l i z a t i o n from acetone gave pure S^-acetoxy-
choles t -5-ene (45.0 g ) , m.p. 114-115 ( repor ted , m.p. 
116°). 
3B-Acetoxv~5.6a-epoxv-5a-cholestane (LXVIII) : 
3p-Acetoxycholest-5-ene (10 g) in chloroform (100 ml) 
was t r ea t ed with a solut ion of perbenzoic acid (1 :1 mol 
equivalent) in chloroform and l e f t for 20 h r s . at a tem-
perature of - 8 ° . The r eac t ion mixture was then washed 
success ively with ice-cold sodium bicarbonate so lu t ion (556), 
water, sodium th iosulphate solut ion ib%) and wate r . Eva-
porat ion of the solvent gave an o i l which was chromato-
graphed over s i l i c a gel column. Elut ion with petroleum 
ether - e ther (10:1) gave a so l id compound which was r e c r y -
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s t a l l i z e d from a c e t o n e as need les t o a f fo rd epoxide 
(DCVIII) ( 8 . 0 g ) , m.p . 97° (reported^-^, m.po 9 7 ° ) . 
Reac t ion of 3B-acetoxv-5.6a--eDoxY--5a-cholestane (LXVIIl) 
wi th c v c l o h e x y l i s o c y a n a t e : 33-Ace toxy-6g- formyloxy-Sa-
c h o l e s t a n - 5 - o l (CLIV) and 3g-ace toxv-5a - -cho les t ane -5 ,6g- -
d i o l (CXIIc) : 
To a s t i r r e d s o l u t i o n of epoxide (LXVIIl) ( 2 . 0 g) i n 
DMF (dry 20 ml) were added l i t h i u m bromide ( c a t a l y t i c 
amount) and c y c l o h e x y l i s o c y a n a t e ( e q u i m o l a r ) , under s i m i l a r 
r e a c t i o n c o n d i t i o n s as d e s c r i b e d e a r l i e r . A f t e r usua l work 
up and e v a p o r a t i o n of the s o l v e n t , r e a c t i o n m i x t u r e gave an 
o i l y r e s i d u e which was chromatographed over a s i l i c a g e l 
column (40 g ) . E l u t i o n wi th pe t ro leum e t h e r - e t h e r (18 :1 ) 
provided t h e s o l i d compound r e c r y s t a l l i z e d from pe t ro leum 
e t h e r t o g ive 3 p - a c e t o x y - 6 p - f o r m y l o x y ~ 5 a - c h o l e s t a n - 5 - o l 
(CLIV) (1 .250 g, 2 . 55 m mol ) , m.p . 160° . 
Ana lys i s found : C, 73 .45 ; H, 10 .18 
^ 3 0 ^ 5 0 ^ r e q u i r e s : C, 73.46? H, 10.2051^ 
IR : ^^^^ 3420 (OH), 1720 (-O-8-CH3), 1710 cm"-^ 
(_0-3-H). 
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^H-NMR : d 8.10 ( s , -O-Ci-H), 5 .12 (m, Wl/2 = 17Hz, 
/ \45 
C3-aH, axial, A/B ring junction trans; , 
4.80 (s, C6-aH), 2.41 (s, C5-aOH, exchange-
able with deuterium), 1.13 (CIO-CH3), 0.7 
(CI3-CH3), 0.9 and 0.80 (other methyl 
protons) . 
•^ C^-NMR : Chemical shifts are tabulated in Table-5 
TABLE-5 
^^C-Chemical shifts in [^(ppm)] for 3^-acetoxy-6p-formyloxy-











Chemical sh i f t s 






































3 9 . 2 
2 1 . 3 
3 9 . 8 
4 2 . 7 












3 9 . 4 
2 8 . 1 
2 2 . 5 
2 2 . 7 
1 6 0 . 0 
1 7 0 . 7 
MS : Mt 490 (6.0, O^^^O^), 475 (3.0, C29H470^), 473 
(14.0, C3QH^90^), 472 (40.0, C3QH4gO^), 457 (4.0, 
S9"45°4^» 445 (4.0), 444 (12.0, C29H^803), 430 
(4.0, C^QH^^O^), 429 (4.0, C28H^403), 428 (24.0, 
Cg^H^gOg), 427 (14.0), 426 (2.4), 415 (12.0, 
C27H43O3), 413 (30.0), 411 (14.0), 397 (6.O), 386 
(4.0), 385 (22.0), 384 (68.O), 377 (40.0, C22H330^), 
370 (40.0), 369 (14.0), 368 (8.O), 367 (24.0), 366 
(100.00), 365 (2.0), 359 (5.0, C22H3^0^), 356(6.0), 
355 (2.0), 353 (2.0), 352 (l2.0), 351 (38.0), 341 
(2.0), 340 (2.0), 332 (10.0), 331 (9.0, C2J^H3Q03), 
330 (2.0), 318 (6.0), 317 (6.0, C20H29O3), 315(4.0, 
^21^31^2^' 290 (8.0), 289 (8.O), 287 (6.O), 286 
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(12 .0 ) , 281 ( 4 . 0 ) . 274 ( 6 . 0 ) , 273 (10.O), 272(34.0) , 
271 ( 1 8 . 0 ) , 263 ( 8 . 0 ) , 262 (32 .6 ) , 261 ( 2 . 0 ) , 260 
( 2 . 0 ) , 259 ( 6 . 0 ) , 258 ( l 2 . 0 ) , 257 (12.O), 254 ( 4 . 0 ) , 
253 ( 1 6 . 0 ) , 247 ( 6 . 0 ) , 245 ( 2 . 0 ) , 244 ( 4 . 0 ) , 243 
(12 .0 ) , 231 ( 6 . 0 ) , 230 ( IS.O) , 228 ( 4 . 0 ) , 227 (22 .0 ) , 
226 ( 5 2 . 0 ) , 225 ( 4 . 0 ) , 214 ( 6 . 0 ) , 213 (30.O), 212 
(36 .0 ) , 211 (56 .0 ) , 201 ( 4 . 0 ) , 199 ( 8 . 0 ) , 198 ( 4 . 0 ) , 
197 ( 1 0 . 0 ) , 185 ( 6 . 0 ) , 184 ( 4 . 0 ) , 183 (10.O), 175 
( 4 . 0 ) , 171 (4 .0 ) , 163 ( 4 . 0 ) , 161 ( 6 . 0 ) , 160 ( 4 . 0 ) , 
159 ( 8 . 0 ) , 158 ( 8 . 0 ) , 157 (10.O), 152 ( 1 4 . 0 ) , 150 
( 4 . 0 ) , 149 (10 .0) , 147 ( 6 . 0 ) , 146 ( 4 . 0 ) , 145 ( 8 . 0 ) , 
144 ( 4 . 0 ) , 143 ( 6 . 0 ) , 138 ( 2 . 0 ) , 137 ( 4 . 0 ) , 136 ( 8 . 0 ) , 
135 (lO.O), 134 ( 4 . 0 ) , 133 (6 .0) , . 132 ( 2 . 0 ) , 131 
( 4 . 0 ) , 124 ( 6 . 0 ) , 123 (22 .0 ) , 121 ( 8 . 0 ) , 120 (lO.O), 
119 ( 4 . 0 ) , 118 ( 6 . 0 ) , 117 ( 4 . 0 ) , 110 ( 8 . 0 ) , 109(12.0), 
108 ( 3 0 . 0 ) , 107 ( 6 . 0 ) , 106 ( 2 . 0 ) , 105 ( 6 . 0 ) , 97(4 .0) , 
96 ( 1 0 . 0 ) , 95 (10 .0 ) , 94 ( 6 . 0 ) , 93 ( 4 . 0 ) , 83 ( 4 . 0 ) , 
82 ( 4 . 0 ) , 81 ( 8 . 0 ) , 71 ( 4 . 0 ) , 69 ( 4 . 0 ) , 57 ( 4 . 0 ) . 
Further e lu t ion with petroleum ether - e the r ( l : l ) 
afforded white s o l i d , r e c r y s t a l l i z e d from acetone t o p ro -
v ide 3p-ace toxy-5a-choles tane-5 ,6p-d io l (CXIIc) (0.568 g, 
1.22 m mol, m.p. 208**) ( r e p o r t e d ^ , m.p. 208° ) . 
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•^ '^ C-NMR chemical s h i f t s are tabulated in Table~6 
TABLE-6 
•^^C-Chemical s h i f t s in [d(ppm)] for 3p-acetoxy-5a-
















Chemica l s h i f t s 
i n [ d ( p p m ) ] 
3 5 . 5 
3 0 . 1 
7 0 . 2 
4 2 . 6 
7 5 . 5 
6 6 . 5 
3 9 . 6 
3 9 . 4 
5 6 . 0 
3 9 . 2 
2 1 . 4 
3 9 . 0 
4 2 . 6 

















Chemica l s h i f t s 
i n [^(ppm)] 
2 4 . 1 
2 8 . 0 
5 6 . 0 
1 1 . 9 
1 8 . 6 
3 6 . 0 
1 8 . 6 
3 6 . 1 
2 4 . 0 
3 9 . 6 
2 8 . 1 
2 2 . 5 
2 2 . 7 
1 6 9 . 5 
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36--Hvdroxv--5.6a--eDoxv-5a-cholestane (CXXIX) : 
Choles te ro l (10 g) in chloroform (ICXD ml) was t r ea t ed 
with the s o l u t i o n of perbenzoic acid (1:1 mol equivalent ) 
in chloroform and l e f t for 20 h r s . at a temperature of - 8 ° , 
The r eac t i on mixture was then washed success ively with i c e -
cold sodium bicarbonate so lu t ion (5%), water, sodium t h i o -
sulphate so lu t i on (5%) and water . Evaporation of the 
solvent gave an o i l which was chromatographed over s i l i c a 
gel column, Elut ion with petroleum ether - e ther (6:1) 
gave a compound which was c r y s t a l l i z e d from acetone t o give 
epoxide (CXXIX) as needles (7 ,8 g ) , m,p, 142° (reported^"^, 
m,p. 142 ,5°) , 
Reaction of 30-hvdroxY-5.6a-epoxy'-5a-cholestane (CXXIX) 
with cyclohexylisocvanate : 30-Hvdroxv-6g-formvloxy-Sa-
cho les tan-S-o l (CLV) and 36-hYdroxy-5a-'Cholestane-5,6g-
d i o l (CXLIX) : 
To a s t i r r e d solut ion of t he epoxide (2 ,0 g, 4 .9 m 
mol) in DMF (dry 20 ml) were added l i thium bromide ( c a t a -
l y t i c amount) and cyclohexylisocyanate (equimolar) , under 
s imi la r r e a c t i o n condi t ions as described e a r l i e r . After 
usual work up and evaporation of the so lven t , an o i l y 
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residue was obtained which was chromatographed over s i l ica 
gel column (40 g), §lution with petroleum ether - ether 
(15:l) afforded a compound which was recrystallized from 
petroleum ether to yield 3^-hydroxy-6^-formyloxy-5a-cho-
lestan-5-ol (CLV) (1.152 g, 2.57 m mol), m.p. 110°. 
Analysis found : C, 74.92; H, 10.51 
^28^48^4 ^«q^i^^s : C, 75.00; ,H, 10.7151^  
IR : ^^^^ 3400 (OH), 1700 (-0-S-H). 
•'•H-NMR : d 8.10 (s, -0-C-H), 5.21 (m, Wl/2 = 17Hz, 
C3-aH, axial, A/B ring junction t rans) , 
4.8 (s, C6-aH), 2.42 (s, C3-pOH), C5-a0H; 
exchangeable with deuterium), O, 98(CIO-CH^), 
0.7 (CI3-CH3), 0.9 and 0.80 (other methyl 
protons). 
•^  C-NMR chemical shifts are tabulated in Table-7. 
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TABLE-? 
"^^ C-Chemic al shifts in [^{ppm)] for 3^-hydroxy-6P-
















Chemical s h i f t s 
i n [d(ppm)] 
3 7 . 6 
3 2 . 0 
7 2 . 1 
4 2 . 7 
7 4 . 9 
7 0 . 5 
4 4 . 8 
33o8 
5 3 . 4 
3 8 . 3 
2 0 . 9 
3 9 . 9 
4 2 . 6 

















- 0 - C 
1 
H 
Chemica l s h i f t s 
i n [d (ppm)] 
2 4 . 3 
2 8 . 2 
5 6 . 2 
1 2 . 0 
1 9 . 3 
3 6 . 1 
1 8 . 9 
3 6 . 2 
2 4 . 1 
3 9 . 8 
2 8 . 3 
2 2 . 6 
2 2 . 8 
1 6 0 . 9 
77 
MS Mt 448 (3 .25 , C ^ Q H ^ Q O ^ ) , 433 ( 2 . 5 , C^^H^^O^), 431 
( 8 . 7 5 , C28H47O3), 430 ( 3 0 . 0 , C28H^^03), 415 ( 2 . 5 , 
^27^43^3 O^), 412 ( 2 1 . 0 , C28H44O2), 404 ( 2 . 5 ) , 403 
( 1 2 . 5 ) , 402 (45 .0 , O^yH^^O^), 401 ( 4 . 5 ) , 3 9 7 ( 1 5 . 0 ) , 
389 (1.5), 388 (7.5), 387 (28.5, 0^(,'^^2^^^ * ^^^ 
(9.0, C^^H^^O), 385 (45.0), 384 (lOO.O, C27H44O), 
383 (4.50), 382 (7.50), 376 (1.5), 374 (l.5), 373 
(3.0), 372 (3.0), 371 (3.0, C2^H430), 370 (13.5), 
369 (45.0), 368 (7.50, CgyH^^), 367 (I8.O), 366 
(30.0), 365 (1.5), 364 (1.5), 357 (4.5), 356 (3.0), 
355 (3.0), 354 (12.0), 353 (40.0), 344 (l.O), 343 
(1.0), 342 (1.0), 335 (5.0), 317 (4.0), 301 (3.0), 
289 (3.0), 285 (7.0), 283 (19.0), 273 (l2.0), 264 
(2.0), 263 (7.0), 262 (3.0), 261 (6.0), 260 (14.O), 
259 (11.0), 257 (2.0), 256 (4.0), 255 (l9.0), 248 
(2.0), 247 (8.0), 246 (7.0), 245 (3.0), 242 (2.0), 
241 (2.0), 233 (18.0), 232 (I6.O), 231 (22.0), 230 
(5.0), 229 (26.0), 228 (56.0), 227 (8.0), 220(1.0), 
219 (2.0), 218 (1.0), 217 (S.O), 216 (15.O), 215 
(33.0), 214 (40.0), 213 (60.0), 206 (2.0), 203(3.0), 
202 (2.0), 201 (8.0), 200 (4.0), 199 (14.O), 193 
(14.0), 191 (1.0), 190 (1.0), 189 (3.0), 187 (3.0), 
186 (4.0), 185 (7.0), 178 (2.0), 177 (3.0), 176 
















15.0), 108 (36.0), 107 (8.0), 106 (2.0), 105 
, 98 (2.0), 97 (5.0), 96 (4.0), 95 (12.O), 94 
, 93 (5.0), 91 (l.O), 85 (3.0), 83 (9.0), 82 
, 81 (10.0), 79 (1.0), 71 (1.0), 69 (6.0), 67 
57 (10.0), 56 (3.0), 55 (2.0). 
Further e lu t ion with e ther afforded white s o l i d , 
r e c r y s t a l l i z e d from acetone to provide 3p-hydroxy-5a-
cho le s t ane -5 ,6p -d io l (CXLIX) (0.528 g, 1.02 m mol) , m.p. 
244° ( l i t . ^ ^ , m.p. 244°). 
13 C-NMR Chemical sh i f t s are tabula ted in Table-8 . 
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TABLE-8 
^^C-Chemical s h i f t s i n [d(ppm)] f o r 3p-hyclroxy~5a-
c h o l e s t a n e - 5 , 6 ^ - d i o l (CXLIX) 
Carbons Chemical s h i f t s 
i n [d(ppm)] 
Carbons Chemical s h i f t s 
















3 2 . 0 
72 .1 






3 6 . 8 
2 1 , 5 
4 0 . 0 















2 4 . 4 
2 8 . 5 
5 5 . 5 
12 .0 
19 .1 
3 6 . 0 
17 .9 
3 6 . 2 
2 4 . 0 
39 .7 
2 8 . 3 
2 2 . 7 
2 2 . 9 
Sleterences; 
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Oxymercuration -- Demercuratlon of S tero ida l Alkenes : 
Oxymercuratlon-demercuration i s an e f fec t ive and 
e f f i c i en t method fox Markovnikov hydration of a lkenes . 
This r eac t ion was developed and elaborated mainly by 
1—3 H.C. Brown and h i s Co-workers . Other workers also 
4 
made s ign i f i can t con t r ibu t ion j . ^ t h i s area of research . 
Impl ic i t in the name i s the fact tha t i t is a two-
stage process . The f i r s t s t age , ca l led 'Oxymercuration* 
involves t he addi t ion 6t -OH and—-Hy^A^ gi~^..pe fn th^ 
carbon-carbon double bond and the second s tage , ca l l ed 
'Demercuratlon' which is brought about by sodium boro-
hydride (NaBH^) through which the C-HgOAc bond i s r e p l a -
ced by C-H bond. The net r e s u l t i s the addi t ion of 
water across a carbon-carbon double bond. 
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Oxymercxjixation I I 
>C=C< + H2O + Hg(0Ac)2 ^ "^ "" ^ " 
HO Hg 
-C - C-
j^ Q Yi f Demercurat lon Organomercur ia l 
NaBH^ compound 
Alcohol 
The r e a c t i o n i s f a s t and y i e l d i s u s u a l l y h igh i n 
t h e range of about 90?^, The o rganomercu r i a l compbund i s 
u s u a l l y not i s o l a t e d but i s r educed in s i t u by sodium 
b o r o h y d r i d e . Some of t h e commonly c i t e d examples of oxy-
m e r c u r a t i o n - d e m e r c u r a t i o n a r e l i s t e d below ; 
1] H^O,Hg(OAc)^ 
^ ^ ^ ^ 2 ] NaBH 3 2 3 ^ 3 
( I I ) 
I -^ 1] H^O,Hg(OAc), | ^ 
CH3-CH -C=CH 2 2 > CH^-CH^-C-CH^ 
^ 2 ^ 2 ] NaBH, 3 2 , 3 
OH 
( I I I ) ( IV ) 
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I "* 1] H_0,Hg(OAc)^ I 
CH^-C-CH=CH^ ^ —> CH^-C-CH-CH-, 
^ 1 2 2] NaBH. ^ \ \ ^ 
CH3 "^ H3C OH 
( V ) ( VI ) 
M e r c u r a t i o n , when conducted in d i f f e r e n t s o l v e n t s 
( o t h e r than water ) r e s u l t s i n t h e fo rmat ion of o t h e r 
compounds. In such s i t u a t i o n t h e term ' s o l v o m e r c u r a t i o n ' 
i s used . The r e a c t i v i t y of a l k e n e s towards oxymercura t ion 
appears t o be governed by a combina t ion of s t e r i c and 
e l e c t r o n i c f a c t o r s . 
Tab l e -1 r e c o r d s t h e o b s e r v a t i o n r e g a r d i n g r e l a t i v e 
a c t i v i t y of some of the a l k e n e s . 
TABLE-1 








Oxymercuration-demercuration process of alkenes has been 
claimed to be highly regioselective (Table-2). 
TABLE~2 
R e g i o s e l e c t i v i t y i n format ion of a l c o h o l s by oxymercu-
r a t i o n - d e m e r c u r a t i o n : 
Alkene Alcohol compos i t ion 
CH3-(CH2)3-CH=CH2 > CH3-(CH2)3-CH-CH3+CH3-(CH2)4-CH2-0H 
OH 
( I ) (IJ;) (99.5%) (VI I ) iO,b%) 
CHo H^C CH^ 
I 3 3 | , 3 
CH^-C-CH=CH^ > CH^-C-CH-CH-, + CH-^-C-CH^-CH^OH 
CH3 H3C OH CH3 
( V ) (VI) (9751S) (VI I I ) (3?^) 
CHo CH-. CH~ 
, 3 , 3 , 3 
CH^~C-CH=CH-CH- > CH^-C-CH-CH„-CH^ + CH^-C-CH^-CH-CH^ 
o » J O i l 2 3 3 i 2 | 3 CH3 H3C C 
( IX ) ( X ) (5%) (XI) (95%) 
OH CH3 OH 
Contd, 
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CH3-CH2-CH=CH-CH3 > CH3-CH2-CH-CH2-CH3 
OH 




( XIV ) (5651^ ) 
, 3 , 3 
Ph-C=CH^ > Ph-C-CH-, 
2. I J 
OH 
( XV ) C XVI ) 
I t has been noted t h a t d e s p i t e of t h e s t e r e o s p e c i f i -
c i t y of t h e f i r s t s t a g e , t h e o v e r a l l r e a c t i o n i n g e n e r a l 
i s not s t e r e o s p e c i f i c , f iearrangements a r e s e l d o n no ted . 
The r e a c t i o n of (V) i l l u s t r a t e s t h e absence of t h e r e a -
rrangement t h a t i s t y p i c a l of e l e c t r o p h i l i c a d d i t i o n i n -
volv ing carbonium ion immediate . 
In ca se of con fo rma t iona l ly r i g i d c y c l i c sys tems , 
as d i s t i n c t from unhindered c y c l i c a lkenes where oxymer-
91 
c u r a t i o n proceeds w i th no rear rangement and amazingly 
high r e g i o s e l e c t i v i t y , t h e r e s u l t s a re very v a r i a b l e . 
The e f f e c t of s u b s t i t u t i o n on t h e course of oxymercura-
t i o n r e a c t i o n has been v i s u a l i z e d in some c a s e s . For 
example, 4 -methy lcyc lohexene (XVIl) undergoes oxymer-
c u r a t i o n - d e m e r c u r a t i o n in a remarkably s t e r e o s e l e c t i v e 
but n o n - r e g i o s e l e c t i v e manner t o g ive a m i x t u r e of c i s 












On t h e o t h e r hand, 3 -methy lcyc lohexene (XXIl) under -
goes h y d r a t i o n i n a r e g i o and s t e r e o s e l e c t i v e manner 
forming 3-methylcyclohexanol (XXVI) because of t o r s i o n a l 











The presence or absence of regio and seteroselecti-
vity intricately dependents upon the nature of the alkenes 
and the position and size of the substituents. Some use-
ful generalization have been made on the basis of continued 
study of 'Oxymercuration-demercuration' on a very large 
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number of alkenes having different structural features 
and molecular constraints. They may be briefly summed 
up in the following manner : 
A3 
B] 
Addition is cis if the alkene is strained and 
7-9 bicyclic 
Norborene (XXVII) undergoes c i s a d d i t i o n 
g ive exo -no rbo rneo l (XXVIII) 







C] Both c i s and t rans addi t ions occur in the case of 
b icyc lo [2 .2 .2 ]oc t -2 -ene (XXIX). 
n 
l]H20,Hg(0Ac) 




(XX DC) (XXX) (XXXI) 
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MECHANISM 
I t i s obvious tha t any mechanistic suggest ion of 
oxymercuration-demercuration has to consider the two 
s tages s e p a r a t e l y , Oxymercuration involves e l e t r o p h i l i c 
addi t ion of mercuric ion. The absence of rearrangement, 
and the high degree of s t e r e o s p e c i f i c i t y ( a n t i - a d d i t i o n ) 
in the f i r s t s t age suggests a bridged mercurinium ion 
in te rmedia te , analogous to the cyc l ic halonium ion inter-
mediate. The high perference for a n t i - a d d i t i o n i s 
supported by the observation t h a t 4- t -buty lcyclohexene 
(XXXII) gives the two possible d i a x i a l products (XXXIII) 




OH ^ ^ HgOAc 
(XXXII) (XXXIII) (XXXIV) 
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This s t e r e o c h e m i c a l behaviour i s t y p i c a l of nucleo-
p h i l i c opening of 3-membered r i n g s i n t h e cyc lohexane 
s e r i e s . 
RCH = CH„ > R - CH _ , • _ _ CH^ or R-CH-CH^ 
^Hg' 
(XXXV) (XXXVI) (XXXVII) 
s o l v e n t 
s/ 
P r o d u c t 
I t i s however, not e n t i r e l y c e r t a i n whe the r t h e 
i n i t i a l i n t e r m e d i a t e i s a b r idged-mereur in ium ion (XXXVI) 
or an open carbonium ion (XXXVIl) . To c o n t i n u e wi th 
t h e assumption t h a t t h e c y c l i c mercurihium i o n i s an 
i n t e r m e d i a t e (XXXVI), i t i s nex t a t t a cked by t h e s o l v e n t 
molecule from t h e b a c k - s i d e ( u n l e s s h inde red due t o t h e 
s t r u c t u r a l f e a t u r e s ) r e s u l t i n g i n net a n t i - a d d i t i o n . The 
2 
n u c l e o p h i l i c s o l v e n t a t t a c k s i n SN manner and y e t t h e 
a t t a c k occurs a t a more crowded carbon of t h e b r i dged 
mercurinium ion i n t e r m e d i a t e as i f a f r e e carbonium ion 
i n t e r m e d i a t e i s i n v o l v e d . The format ion of c y c l i c mercu-
r in ium ion in t h e f i r s t p l a c e i s d i f f i c u l t t o a c h i e v e i n 
96 
view of the h y d r i d i z a t i o n of mercury. Second ly , t h e r e 
i s no lone p a i r of e l e c t r o n s a v a i l a b l e on mercury t o 
g i v e c y c l i c i n t e r m e d i a t e analogous t o halonium ion i n t e r -
med ia t e . 
In a d d i t i o n t o t h e s e shor tcomings , some a d d i t i o n a l 
comments are i n e v i t a b l e . The oxymercurat ion r e a c t i o n i s 
h i g h l y r e g i o and s t e r e o s e l e c t i v e and occurs w i thou t r e -
arrangement . The c y c l i c i n t e r m e d i a t e may w e l l account 
fo r non-occurranee of r ea r rangement and h igh d e g r e e of 
s t e r e o s e l e c t i v i t y ( i n t h i s c a s e t r a n s or a n t i - a d d i t i o n ) . 
But i t w i l l not account fo r 'Markovnikov' a d d i t i o n . 
Involvement of c y c l i c bromonium ion i n t e r m e d i a t e , f o r 





This o b s e r v a t i o n which came s t r o n g l y i n s u p p o r t of 
c y c l i c bromonium ion i n t e r m e d i a t e can be r a t i o n a l i z e d in 
t h e fo l lowing manner. 
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(XXXVIII) 








I t i s understandable that the nucleophilic part of 
the reagent (OH) attacks from the less hindered side to 
give anti-Markovnikov addition products. I t i s said that 
such a reaction has considerable SN character. Attack 
occurs not at the less hindered carbon but at the carbon 
which can best accomodate the positive charge. 
To reconcile with these contradictory s i tua t ions i t 
has been suggested that the t rans i t ion state in the reac-
t ion of such type i s unstable three-membered r ings which 
contains much SN character. Example can be ci ted from 
the ring opening of an epoxide in an acid-catalysed 




Nu: 15.+ I I 
>c - c< > >c^ c< > ~c - c -




bond-making, p o s i t i v e 
charge on carbon 
To make a s t r o n g p a r a l l e l between oxymercura t ion 
and t h e above scheme i s not f r e e from hazard and a very 
i n d e f e n s i b l e a t tempt has been made in the fo l l owing 
scheme; 
>C=C< + [Hg "^  2 0 A C ] > [>C-C > >C;rrrrC< ] 




.£lMi—> >c^ ^C< > -C - C =-> P roduc t 
Hg^ HgOAc 
OAc 
A c y c l i c c a t i o n i c i n t e r m e d i a t e of ano the r k ind can 
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also be visual ized in which a c e t a t e function may pa r t i -



























The demercu ra t i on r e a c t i o n has eluded f u l l unde r -
s t a n d i n g . The mechanism of t h e r e d u c t i v e r ep lacement 
of mercury by hydrogen ( d e m e r c u r a t i o n ) most l i k e l y , 
i n v o l v e s a f r e e r a d i c a l i n t e r m e d i a t e produced by decom-
p o s i t i o n of a l k y l mercury i n t e r m e d i a t e 
RHgX + NaBH^ > RHgH 
RKgH > R*+-Hg(l)H 
R* + RHgH > RH + Hg° + R* 
Suppor t i n favour of t h e f r e e r a d i c a l mechanism comes 
from t h e o b s e r v a t i o n t h a t oxygen, an e f f i c i e n t r a d i c a l 
Scavenger , can d i v e r t t h e r e a c t i o n . F u r t h e r , t h e s t e r e o -
17—18 
chemica l s tudy us ing NaBD^ as t h e r educ ing agent i n 
c o n s i s t e n t w i th r a d i c a l i n t e r m e d i a t e . For example, 1:1 
m i x t u r e of e r y t h r o and t h r e o - 3 - d e u t e r i o - 2 - b u t a n o l s 
(XLIII and XLIV) i s ob t a ined by mereo ra t ion of e i t h e r 






"a^ s H 














H H ' H HgOAc 
\ / N ^ NaBD^ 
C=C > C^ - C =—> 














A l l v l l c oxidation of Alkenes : 
The oxymercuration-demercuratlon s tages have also 
been used for affect ing a l l y l i c oxidat ion of a lkenes . 
Such as oxidat ion i s a part of t he general oxidat ion of 
alkenes by the s a l t s of mul t iva len t meta l s . These 
19 
reac t ions f i r s t yield s tab le mercury adducts , which 
on demercuration lead to an a l l y l i c compound depending 
upon the a lkene, the nature of t he r eac t i on medium and 
20-22 the time of the reac t ion . The whole sequence i s 
best i l l u s t r a t e d by the oxymercuration-demercuratlon of 
cyclohexene (XLV) in acet ic ac id , which gave in the end 
23 3-acetoxycyclohexene (XLVI) » an a l l y l i c a c e t a t e and 
meta l l ic mercury. 
Hg(0Ac)2 V 
AcOH 
(XLV) (adduct) (XLVI) 
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g .g-Unsaturated ketones : 
An i n t e r e s t i n g yet s u r p r i s i n g s ide r e a c t i o n could 
be t h e f o r m a t i o n of an a , p - u n s a t u r a t e d ke tone du r ing 
oxymercu ra t ion -demercu ra t ion s t a g e s . This unexpected 
r e a c t i o n has been expla ined by t h e involvement of 
24 a l l y l i c n-complex 
Miatusiiion 
A number of s t e r o i d a l hydroxye the r s were prepared 
e a r l i e r in my l a b o r a t o r y by mixed hydr ide r e d u c t i o n of 
26—27 
c y c l i c a c e t a l s , The p r e p a r a t i o n of t h e s e hydroxy-





^ LiALH -AlClo 
< ^ 






The scheme of oxymercuratlon-demercuration of s te reo i -
dal alkenes with the sole purpose of obtaining hydroxy-
ethers with high yield i s under taken. Therefore the pre-
sent work described oxymercuratlon-demercuration of s tereo-
idal olefins such as cholest-5-ene (XLVIl), 3P-acetoxy-
cholest-5-ene (XLVIIl) and 30-chlorocholest-5-ene (XLIX) 
which afforded 6P-(2'-acetoxyethoxy)-5a-cholestane (LIU) 
and 6p-(2'-hydroxyethoxy)-5a-cholestane (L), 6p-(2'-hydroxy-
ethoxy)-5a-cholestan-3p-ol-2*;3-cliacetate (LIV) and 6P-(2 ' -
hydroxyethoxy)-5a-cholestan-3p-yl acetate (Ll) , 3p-chloro-
6^-(2'-acetoxyethoxy)-5a-cholestane (LV) and 3p-chloro-6p-
(9*-hydro^y'^-' - '^'^^y)- '^"^-'-^'"^ ""*••'•'"' ( ^ T J ^ , LJ.- | IUM»^ w<Liiy 
( scheme-2) . 
SCHEME-2 
CgH^y 
l ]Hg(0Ac)5[ 2'-OH 
























Reaction of choles t -5-ene (XLVII) with Hg(0Ac)2, e thylene 
glycol and NaBH^ : 
Cholest-5-ene (XLVIl) was d issolved in te t rahydrofuran 
and ethylene g lycol was added to the alkene s o l u t i o n . The 
so lu t ion was gent ly warmed on water bath and mercuric ace-
t a t e was added in por t ions with shaking. After the addi t ion 
of mercuric a c e t a t e , the r e a c t i o n mixture was heated under 
ref lux and worked up. Removal of the solvents afforded 
organomercuric ace t a t e adduct. This adduct was dissolved 
in te t rahydrofuran and sodium borohydride was added to t h i s 
so lu t ion . The r e a c t i o n mixture was s t i r r e d at room tempe-
r a t u r e for 6 hours . I t was poured in to water and the 
organic matter was extracted with e t h e r . The e the rea l so lu -
t i o n was washed severa l times with water and dried over an-
hydrous sodium su lpha te . The removal of the dess ican t and the 
solvent gave a s t i c k i n g semi-sol id mate r ia l which was sub-
j ec t ed to column chromatography over neut ra l alumina. 
Elut ion with l i g h t petroleum - benzene (10 : l ) afforded 
compound (LIU) as n o n c r y s t a l l i z a b l e o i l . Further e lu t ion 
with l i g h t petroleum - benzene (2 :1) gave a compound (L), 
m.p. 65 . 
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Character iza t ion of compound ( n o n - c r v s t a l l i z a b l e o i l ) as 
6B-(2 ' -acetoxvethoxv)-5a-cholestane ( L I I l ) : 
The compound as non-c rys t a l l i zab le o i l was analysed 
for C^^Hf-^O .^ The IR spectrum of compound exhib i ted bands 
a t 1730 and 1236 cm"" for aceta te and bands at 1120 and 
1050 cm" for e ther l inkage. I t s H-NMR spectrum showed a 
mul t ip le t a t d 3,31 which was assigned to C6-aH, The con-
f igura t ion of t he subs t i tuen t at C6 was ascer ta ined by 
measuring the half-band width of the C6 proton. This was 
5Hz (equa to r i a l ) thereby implying tha t the e the r 
group present at C6 i s axia l ( 0 - o r i e n t e d ) . A t r i p l e t at d 
4.16 for two protons of (-O-CH-CH-OAc), another t r i p l e t at 
6 3.61 for other two protons (-O-CH2-CH2-OAC) and a sharp 
s ing le t at d 2.01 for aceta te methyl protons were obtained 
in H-^Ml spectrum. Angular and s ide chain methyl protons 
were observed a t d 0.96 (CIO-CH3), 0.68 (CI3-CH3), 0 .9 and 
0.8 (other methyl p ro tons ) . In the l i g h t of above d i s cu -
ssion, the compound as non-c rys t a l l i zab le o i l was charac -
te r ized as 6^-(2•-acetoxyethoxy)-5a-choles tane ( L I I I ) . 
Charac ter iza t ion of compound, m.p. 65^ as 66-(2*-hvdroxv-
ethoxv)-5a-cholestane (L) : 
The compound, m.p. 65® was analysed for C29Hp^2^2' ^^^ 
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IR spectrum showed the s t rong absorption bands a t 3400 cm" 
assigned to OH group and bands at 1100 and 1048 cm" for 
e ther l inkage. The H-NMR spectrum gave peaks at d 3.25 as 
a mul t ip le t ascribed to C6-aH. The conf igurat ion of the 
e ther linkage at C6 was assigned by measuring the half-band 
width of C6 proton. Another mul t ip le t was observed at d 3,6 
for (-O-CH2-CH2-OH), Angular and s ide chain methyl protons 
were observed at d 0.92 (CIO-CH3), 0.7 (CI3-CH3), 0,89 and 
0,82 (other methyl p ro tons) . The mass spectrum of the 
compound (L) gave molecular ion peak at ut 432 (*-29^52*^2^ 
followed by other s ign i f i can t fragment ion peaks a t m/z 417, 
388, 387, 386, 371, 231, 101 and other mass peaks. Forma-
t i o n of some of the fragment ions have been shown in scheme-
3 , Thus on the bas is of above fac t s the s t r u c t u r e fo r the 
compound, m.p, 65° was assigned as 6P-(2 ' -hydroxyethoxy)-
5a-cholestane (L), 
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' ^ l l " 2 3 
m/z 388 
^8^17 
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Reaction of 3Brac.etoxvcholest~5-ene (XLVIII) with 
Hg(0Ac)2, e thyleneglycol and NaBH^ : 
3p-AcetoxyQholest-5-ene (XLVIIl) was d isso lved In 
te t rahydrofuran and ethylene glycol was added t o t he alkene 
so lu t ion under i d e n t i c a l r eac t ion condi t ions . After usual 
work up and removal of the solvent gave organotnercuric 
ace ta t e adduct. This adduct was dissolved in t e t r a h y d r o -
furan and sodiumborohydride was added to t h i s s o l u t i o n under 
i d e n t i c a l r eac t i on condi t ions . After usual workup and r e -
moval of the solvent gave semi-solid mater ia l which on 
column chromatography over neu t ra l alumina afforded two 
s o l i d compounds, m.p. 96° and m.p. 68°. 
Charac te r iza t ion of compound, m.p. 96 as 66-'(2*-hvdroxy-
e thoxv) -5a -cho les tan-36-o l -2* .3 -d iace ta te (LIV) : 
The compound, m.p. 96° was analysed for C^^HR^O^. The 
IR spectrum of the compound exhibi ted bands a t 1738 and 
1240 cm" for a c e t a t e and bands at 1050, 1026 cm" for 
e the r l inkage. I t s H^-NMR spectrum showed a broad s ing le t 
at d 4 .7 for a proton present at C3, a mul t ip le t at d 3,3 
was assigned for an equator ia l proton at C6. A t r i p l e t a t 
d 3.58 for two protons of (-0-Cii2-CH2-0Ac), another t r i p l e t 
at 4.12 for other two protons (-O-CH2-CH2-OAC). Two sepa-
r a t e sharp s i n g l e t s at d 2.05 and 2.0 were ascr ibed for the 
Ill 
methyl protons of two acetate groups respectively. Angular 
and side chain methyl protons were observed at d 0.96 
(CIO-CH3), 0.68 (Cia-CH^), 0.9 and 0.8 (other methyl protons). 
Thus on the basis of above studies the structure of 
the compound, m.p. 96° was assigned as 6P-(2'-hydroxy-
ethoxy)-5a--cholestan-3p-ol-2*,3-diacetate (LIV). 
Charac te r iza t ion of compound, m.p. 68° as 66-(2*-hvdroxv-
ethoxY)~5a-cholestan-3g-vl ace ta te (LI) : 
The compound, m.p. 68° was analysed for ^siHc^.O.. I t s 
IR spectrum showed a strong absorption band a t 3500 cm~ 
for OH group. Absorption bands at 1750 and 1245 cm" were 
charac ter ized for a c e t a t e group and absorption bands 
observed at 1095 and 1050 cm" for e ther l i nkage . In the 
H-NMR spectrum a mu l t i p l e t was observed at d 4 .7 assigned 
for a proton present at C3, a mul t ip le t found a t d 3.28 was 
charac ter ized for a proton present at C6, another mul t ip le t 
was observed at d 3.65 for (-O-CH2-CH2-OH), a sharp s ing le t 
at d 2.0 for ace t a t e methyl protons . Angular and s ide chain 
methyl protons were observed at d 0.91 (C10-CH-), 0.82 
(CI3-CH3), 0 .9 and 0.89 (other methyl p ro tons ) . In the 
l i g h t of above d i scuss ion the compound, m.p. 68° was charac-
t e r i z e d as 6p- (2 ' -hydroxyethoxy)-5a-choles tan-3p-y l -ace ta te 
( L I ) . 
112 
Reaction of 3p-chlorocholest-5-ene (XLIX) with Hg(0Ac)2 
ethylene glycol and NaBH^ : 
3^-Chlorocholest-5-ene OCLIX) was dissolved in 
tetrahydrofuran and ethylene glycol was added to t he alkene 
solut ion under i d e n t i c a l react ion condi t ions . After usual 
work up and removal of the solvent gave organomercuric ace-
t a t e adduct. This adduct was dissolved in te t rahydrofuran 
and sodium borohydride was added to t h i s so lu t ion under 
i den t i c a l r e a c t i o n condi t ions . After usual work up and 
removal of the solvent afforded an o i ly res idue which on 
column chromatography over neutral alumina gave two compounds 
a noncrys t a l l i zab le o i ly compound and a sol id compound, m.p, 
66°. 
Charac te r iza t ion of o i l as 36-chloro-6B--(2*-acetoxvethoxv)-
Sg-cholestane (LV) : 
The compound o i l was analysed for ^31^^5303^! (Pos i t ive 
B e i l s t e i n t e s t ) . The IR spectrum exhibi ted bands a t 1736 
and 1240 cm" which were character ized for a ce t a t e group. 
Bands a t 1113 and 1050 cm were assigned for e ther l inkage 
and a band at 760 cm"^ was ascribed for (C-Cl). I t s H^-NMR 
showed a t r i p l e t at d 4.16 which was assigned for two p ro -
tons (-O-CH2-CiJ2-0Ac), another t r i p l e t observed at d 3.61 
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Was assigned for other two protons (-O-CHg-CH^-OAc). An 
unresolved m u l t i p l e t was found centred at d 3 , 3 8 ass igned 
t o two protons present at C3 and C6. A sharp s i n g l e t at 
d 2 .01 for a c e t a t e methyl protons was a l s o present i n H-
NMR spectrum. Angular and s ide chain methyl protons were 
observed at 0 . 9 8 (CIO-CH3), 0 . 6 8 (CI3-CH3), 0 . 8 7 and 0 . 7 9 
(other methyl p r o t o n s ) . Thus on the b a s i s of above infor-
mation, the s t r u c t u r e of o i l y compound was ass igned as 
3 p - c h l o r o - 6 p - ( 2 ' - a c e t o x y e t h o x y ) - 5 a - c h o l e s t a n e (LV). 
Characte izat ion of compound, m.p. 66° as 3 g - c h l o r o - 6 6 - ( 2 ' -
hvdroxvethoxv)--5a--cholestane ( L l l ) : 
The compound, m.p. 66° was analysed for ^99^51^2^^ 
( p o s i t i v e B e i l s t e i n t e s t ) . The IR spectrum of compound 
exh ib i ted bands at 3333 cm" for OH group and bands at 
1098 and 1053 cm""^  f o r ether l i n k a g e . A band at 763 cm~^ 
was assigned for ( C - C l ) . I t s H-NMR spectrum showed an 
unresolved m u l t i p l e t centred at d 3 .38 ass igned f o r two 
protons present at C3 and C6. Another m u l t i p l e t centred 
at d 3 .68 ascr ibed f o r (-O-CHgCiig-OH). Angular and s ide 
chain methyl protons were observed at d 0 . 9 8 (C10-CH-), 
0 , 7 3 (CI3-CH3), 0 . 9 1 and 0 . 8 2 (other methyl p r o t o n s ) . 
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The mass spectrum of the compound (LIl) gave molecular ion 
peak at Mt 466/468 (3:1, C29H^j^02Cl) followed by other sig-
nificant fragment ion peaks at m/z 430, 415, 405/407, 404/ 
406, 389/391, 368, 353, 101 and other lower mass peaks. 
Formation of some of the fragment ions have been shown in 
scheme-4. In the light of above discussion the compound, 






















A mechanism i s suggested f o r the formation of t h e 





































, 9] O^H 
0—C-CH 
OH 
(L) R=H, (LI) R=^Ac, (LII) R=C1 
experimental 
Oxvmercuration of cholest--5-ene (XLVIl) : 
Choles t -5-ene (XLVIl) (6 g) was dissolved in t e t r a -
hydrofuran (40 ml) and ethylene glycol (50 ml) was added 
to the alkene so lu t ion . The so lu t i on was gent ly warmed 
on water bath and mercuric a c e t a t e (6 g) was added in 
por t ions with shaking. After the addi t ion of mercuric 
a c e t a t e , the r eac t ion mixture was heated under re f lux for 
about 5 hours . The reac t ion mixture a f t e r allowing to 
a t t a i n room temperature was poured in to water and t h e 
organic layer was washed success ive ly with water, sodium 
bicarbonate so lu t ion (5?») and water . The organic l ayer 
was dr ied over anhydrous sodium su lpha te . After the 
removal of the solvent by evaporat ion under reduced p r e -
s su re , the organomercurie ace t a t e adduct as a brownish 
coloured gum (9.2 g) was obta ined . 
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Demercura t ion of c h o l e s t - S - e n e (XLVIl) - HgCOAc)^ adduct 
w i th NaBH^ : 6 p - ( 2 ' - A c e t o x y e t h o x y ) - 5 a - c h o l e s t a n e ( L I I l ) 
and 6 B - ( 2 ' - h v d r o x Y e t h o x v ) - 5 a - c h o l e s t a n e ( D : 
The organomercuric a c e t a t e adduct (5 g) of c h o l e s t -
5-ene (XLVII) was d i s so lved in t e t r a h y d r o f u r a n (60 ml) 
sodium borohydxide (4 g) was added t o t h i s s o l u t i o n . The 
r e a c t i o n mix tu re was s t i r r e d a t room tempera tu re f o r 6 h r s , 
I t was poured i n t o water and t h e o rgan ic ma t t e r was e x t r a c t e d 
w i th e t h e r . The e t h e r e a l s o l u t i o n was washed s e v e r a l t imes 
wi th wa te r and d r i e d over anhydrous sodium s u l p h a t e . The 
removal of t h e so lven t gave an o i l y m a t e r i a l ( 2 . 6 g) which 
Was s u b j e c t e d t o column chromatography over n e u t r a l alumina 
(50 h ) . E l u t i o n with l i g h t pe t ro l eum : benzene ( 1 0 : l ) 
a f forded 6 p - ( 2 ' - a c e t o x y e t h o x y ) - 5 a - c h o l e s t a n e < t I I I ) a s a 
non c r y s t a l l i z a b l e o i l (12 .0 g ) . 
A n a l y s i s found : C, 7 8 . 3 ; H, 11.4 
^31^54^3 ^®q^i^6s : C, 7 8 . 4 ; H, 11.5J^ 
IR : ^^^^ 1730 and 1236 (-O-C-CH3), 1120 
and 1050 cm""^ ( C - 0 ) . 
•"•H-NMR : d 3 .31 (m, IH, Wl/2 = 5Hz, C6-aH e q u a t o -
r i a l ) , 4 .16 ( t , 2H, -O-CHg-CH^-OAc), 3 .61 
( t , 2H, -O-CIi^-CHg-OAc), 2 . 01 ( s , CH3COO), 
: 119 : 
0.96 (CIO-CH3), 0.68 (CI3-CH3), 0.9 and 
0.8 (other methyl protons). 
Further elution vd.th light petroleum : benzene (2:1) 
provided a solid compound which was recrystallized from 
petroleum ether to afford 6P-(2'-hydroxyethoxy)--5a-choles-
tane (L) (0.6 g), m.p. 65°. 
Analysis found : C, 80.5; H, 12.0 
2^9^ 52'^ 2 ^ C^i^ i^ s^ • C, 80.5; H, 12.13^  
IR : J„^^ 3400 (OH), 1100 and 1048 cm""*^  (C-O). 
^H-NMR : d 3.25 (m, IH, Wl/2 = 5Hz, C6-aH, equa-
torial), 3.6 (m, -CH2-CH2OH), 0.92 
(CIO-CH3), 0.7 (CI3-CH3), 0.89 and 0.82 
(other methyl protonsK 
MS : Mt 432 (19.64 O^^H^^^), All (3.57), 388 (4.76), 387 
(5.95), 386 (9.52), 372 (13.09), 371 (17.55), 370(100), 
368 (5.35), 367 (6.54), 356 (8.33), 355 (23.80), 296 
(5.95), 295 (5.95), 278 (14.28), 271 (14.28), 262 
(5.35), 260 (5.95), 258 (5.35), 257 (19.04), 248 (5.95), 
233 (5.35), 232 (19.04), 231 (42.85), 229 (4.76), 213 
(4.16), 214 (3.57). 218 (16.66), 217 (34.52), 216 
(49.99), 215 (41.07), 202 (9.33), 190 (5.35), 189(4.16), 
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175 (5 .95) , 173 (5.95) , 169 (5 .95) , 168 (10 .71) , 163 
(5 .95) , 162 (5 .35 ) , 161 (11 .90) , 159 (3 .57 ) , 158(5.95), 
154 (11.90) , 152 (4.76) , 151 (29.16) , 150 (20.23) , 149 
(30.95) , 147 (5 .95) , 146 (8 .92) , 134 (4 .16) , 133(17.85), 
132 (8 .92) , 131 (10.71), 126 (4 .76) , 124 (9 .52 ) , 123 
(7 .73) , 121 (13.09) , 119 (7 .14 ) , 115 (4 .76 ) , 113(3.57) , 
111 (23.80) , 110 (11.90), 109 (15.47) , 108 (4 .76) , 107 
(11.90) , 103 (9 .52) , 102 (5 .35 ) , 101 (29 .16) , 100 
(7 .14) , 99 (17 .26) , 98 ( l 0 . 7 l ) , 83 (20 .23) , 82 (5 .35 ) , 
81 (27.38) , 79 (11.90) . 
Oxymercoration of 3g--acetoxvcholest-5-ene (XLVIII) J 
3p-Acetoxycholest-5-ene (XLVIII) (6 g) was dissolved 
in te t rahydrofuran (40 ml) and ethylene glycol (50 ml) was 
added t o the t h i s so lu t ion . The so lu t ion was gent ly warmed 
on water bath and mercuric ace t a t e (6 g ) . was added in por-
t i o n s with shaking. The reac t ion mixture was heated under 
r e f lux for about 5 hours . Usual work up of the r e a c t i o n mix-
t u r e as described e a r l i e r provided the organomercuric ace ta te 
adduct as a brownish coloured gum (8 gm)^  
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Demercuration of 3p~acetoxycholest-5-ene (XLVIII) -
Hg(0Ac)2 adduct with NaBH^  : 6p-(2'-Hydroxyethoxy)-5a-ch-
olestan-.36-ol 2* .3~dlacetate (LIV) and 6B-(2'-hydroxy-
ethoxy)-5a-cholestan-36-yl-acetate (Ll) : 
The organomercurie acetate adduct (5 g) of 3p-acetoxy-
chelest-5-ene (XLVIII) was dissolved in tetrahydrofuran 
(60 ml) sodium borohydride (4 g) was added to this solution. 
The reaction mixture was stirred at room temperature for 6 
hours. After usual work up of the reaction mixture as des-
cribed earlier gave a semi-solid compound (2.56 g) which was 
chromatographed over neutral alumina (55 g) . Elution with 
benzene : ether mixture (10:l) afforded a compound which was 
recrystallized from methanol as plates to yield 6P-(2'-
hydroxyethoxy)-5a-cholestan-3p-ol 2' ,3-diacetate (LIV) 
(0.8 g), m.p. 96°. » 
Analysis found : C, 74.2; H, 10.5 
^33^56^5 ^®<l"i^6s : C, 74.4; H, 10,651^  
IR : ^ ^^^ 1738 and 1240 (-O-C-CH3), ^ ^ ^ ^"^ 
1026 cm~^  (C-0). 
•"•H-NMR : d 4.7 (br, C3-aH, axial), 3.3 (m, C6-aH, 
equatorial), 3.58 (t, 2H, -O-CH2CH2OAC), 
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4 . 1 2 ( t , 2H, O-CHgCHgOAc), 2 . 0 5 ( s , CH3COO), 
2 . 0 ( s , CH3COO), 0 .96 (CIO-CH3), 0.68(C13-CH3), 
0 . 9 and 0 . 8 ( o t h e r methyl p r o t o n s ) . 
F u r t h e r e l u t i o n wi th methanol f u r n i s h e d a s o l i d com-
pound which was r e c r y s t a l l i z e d from methanol t o a f fo rd 
6 p - ( 2 ' - h y d r o x y e t h o x y ) - 5 a - c h o l e s t a n - 3 p - y l a c e t a t e ( L l ) 
( 0 .92 g ) , m.p . 6 8 ° . 
Ana lys i s found : C, 7 5 . 5 ; H, 1 1 . 0 
*^3l"54^4 ^®q^i^®s : C, 7 5 . 9 ; H, 11 .1%. 
IR : J ^ 3500 (OH), 1750 and 1245 (-0-C-CH^), 
V max «3 
1095 and 1050 cm -^"- (C-O). 
^H-NMR : d 4 .7 (b r , IH, C3-aH), 3 . 28 ( IH, Wl/2 = 
5H2, C6-aH, e q u a t o r i a l ) , 3 .65 (m, 
-O-CH2-CH2-OH), 2 . 0 ( s , CH3COO), 0 . 9 1 
(CIO-CH3), 0 .82 (CI3-CH3), 0 . 9 and 0 .82 
( o t h e r methyl p r o t o n s ) . 
Oxvmercurat ion of 3 p - c h l o r o c h o l e s t - 5 - e n e (XLIX) : 
3 ^ - C h l o r o c h o l e s t - 5 - e n e (XLIX) (6 g) was d i s s o l v e d 
i n t e t r a h y d r o f u r a n (40 ml) and e t h y l e n e g l y c o l (50 ml) was 
added t o t h i s m i x t u r e . The r e a c t i o n mix tu re was g e n t l y 
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warmed on water bath and mercuric ace ta te (6 g) was added 
in por t ion with shaking. The r eac t ion mixture was refluxed for 
5 hours . After usual work up of the r eac t ion mixture as d i s -
cr ibed e a r l i e r the organomercurie ace ta te adduct as a brown-
i sh coloured gum (8 .2 g) was obta ined. 
Demercuration of 3g-'bhlorocholest-5-ene (XLIX) -
Hg(0Ac)2 adduct with NaBH^ : 30-Chloro-6p-(2*-acetoxy-
ethoxv)-5a-cholestane (LV) and 3B-chloro-6g--(2'-hvdroxv-
ethoxv)-5a~cholestane (LIl) : 
The organomercuric ace ta te adduct (5 g) of 3p-ch loro-
choles t -5-en« (XLIX) was dissolved in t e t rahydrofuran 
(60 ml) sodium borohydride (4 g) was added t o t h i s so lu t i on . 
The reac t ion mixture was s t i r r e d at room temperature for 6 
hours . Usual work up of t he reac t ion mixture gave an 
o i l y compound (2.13 g) which was subjected to column chro-
matography over n e u t r a l alumina (45 g ) . E lu t ion with l i gh t 
petroleum ; benzene (8:1) afforded 3p-ch loro-6p- (2»-ace to -
xyethoxy)-5a-cholestane (LV) (0.92 g) as a n o n - c r y s t a l l i -
zable o i l . 
Analysis found i C, 73.02; H, 10.29 
^3l"53°3^^ r equ i r e s : C, 73.15; H, 10.42?^ 
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IR ' \ )max ^"^^^ ^"^ ^'^^ (-O-C-CH3), 1113 and 
1050 (C-0) and 760 cm"''- ( C - C l ) . 
^H-NMR : d 4 .16 ( t , 2H, -O-CH2-CH2OAC), 3 . 6 1 ( t , 
-O-CH2CH2OAC), 3 .38 (m, C3-aH and C6-aH), 
2 . 0 1 ( s , CH3COO), 0 .98 (CIO-CH3) and 
0 . 6 8 (CI3-CH3), 0 .87 and 0 . 7 9 ( o t h e r 
methyl p r o t o n s ) . 
Fu r the r e l u t i o n w i th l i g h t petroleum : benzene ( 3 : 7 ) 
gave an o i l which was r e c r y s t a l l i z e d from l i g h t pe t ro leum 
t o f u r n i s h 3 p - c h l o r o - 6 p - ( 2 ' - h y d r o x y e t h o x y ) - 5 a - c h o l e s t a n e 
( L I I ) (0 .52 g ) , m.p . 6 6 ° . 
A n a l y s i s found : C, 7 4 . 3 3 ; H, 11 .14 
^29^51^2^^ r e q u i r e s : C, 74 .59 ; H, 10.94?^ 
IR : Jnjax 3333 (OH), 1098 and 1053 (C-0) 
and 763 cm"-^ (C-Cl ) . 
^H-NMR : d 3 .38 (m, 2H, C3-aH and C6-aH) , 3 .68 
(m, -O-CH2CH2-OH), 0 . 9 8 (CIO-CH3), 
0 . 7 3 (CI3-CH3), 0 .91 and 0 . 8 2 ( o t h e r 
methyl p r o t o n s ) . 
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MS : Mt 466/468 (4.10/1.36, C^^H^^Oj::!), 430 (5.47), 415 
(9.58), 405/407 (23.28/8.21), 404/406 (52.05/21.91), 





















, 369 (32.87), 368 (100 
, 315 (9.58), 293 (5.47 
263 (9.58), 262 (16.43 
256 (5.47), 255 (17.80 
, 251 (15.06), 250 (l9. 
231 (8.21), 230 (10.95 
214 (6.84), 213 (16.43 
, 198 (6.84), 195 (5.47 
191 (6.84), 188 (5.47) 
21), 181 (9.58), 180 (9 
174 (6.84), 172 (6.84) 
, 160 (13.69), 159 (19. 
156 (6.84), 154 (5.47) 
, 371 (6.84), 370 
, 354 (5.47), 353 
, 292 (8.21), 265 
, 259 (6.84), 258 
, 254 (5.47), 252 
7), 249 (16.43), 247 
, 229 (6.84), 215 
, 202 (5.47), 201 
, 193 (5.47), 192 
186 (5.47), 185(8.21), 
58), 177 (9.58), 176 
163 (10.95), 161 
17), 158 (5.47), 157 
152 (21.91), 151 
, 147 (10.95), 146 150 (6.84), 149 (19.17 
, 145 (10.95), 144 (24.65), 143 (13.69), 141 
139 (13.69), 137 (13.69), 136 (30.13), 134 
, 132 (27.39), 131 (21.91), 129 (10.95), 128 
127 (6.84), 126 (10.95), 125 (5.47), 124 
123 (10.95), 122 (28.76), 120 (32.87), 119 
, 117 (30.13), 116 (21.91), 115 (15.06), 114 
126 
(6 .84) , 110 (13.69) , 109 (10 .95) , 108 (43 .83 ) , 107 
(30.13), 106 (63.01) , 105 (46.57) , 104 (54 .79) , 
101 (10.95) . 
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Chapter 3 
Oxidation of Steroidal Olefins 
^I^ijsr^ixtni 
A.G. Gonzalez et a l . had isolated a new natural 
aromatic deterpene, 11,12-diniethoxybieta-6,8,11,13-
tetra-20-oic acid methyl ester ( l ) , from the plant salvia 
canaliensis L., and studied, the oxidation react ions 
of this and re la ted compounds. When left to c r y s t a l l i z e 
in air and l ight in n-hexane-EtOAc (l) was transformed 
into a mixture of three products. The less polar minor 
product was ident ica l with the s tar t ing material and 
formulated as the ketone (IV), Another product of in te r -
mediate polari ty was proposed hydroperoxide s t ruc ture 
( I I I ) . Since the reaction took place with lOOJlS t r ans -
position of the a l ly l group, a radical mechanism can be 
discounted. Thus the autoxidation mechanism of ( l ) may 
be considered as a reaction with oxygen in the s inglet 
3 
s ta te , ei ther concerted or with • 
the perepoxide intermediate ( l l ) . 
the intervention of 
132 
( I ) + 
OMe 
( I ) 





The analogous autoxidation of 1-abietic acid 
4 
derivative has been discribed but in th is case no i n t e r -
mediate hydroperoxide was detected. 
As part of study of the synthesis of carnosic acid 
der ivat ives , the diacetate of carnosic acid methyl ester 
(V) Was treated with lithium aluminium hydride in t e t r a -
133 
hydrofuran in an i n e r t atmosphere to give two p roduc t s . 
The l e s s polar and major compound was the expected t r i o l 
(Vl) . The more polar product was assigned the s t r u c t u r e 
(VII ) . When the t r i o l (VI) dissolved in n-hexane-EtOAc 
(1:3) Was le f t in a i r , i t even tua l ly changed i n t o ( V I l ) . 
The formation of (VII) from (Vl) can be explained in terms 
of oxidat ion of (Vl) by t h e oxygen in the a i r t o form the 
orthoquinone (VIIl) and the subsequent co l lapse of the 
C--20 hydroxy group on to the C-7 carbon of t h e tautomeric 
semiquinone methide (IX) in accordance with the proposal 
of Wenkert et a l . for the formation of carnosal from c a r -
no sic ac id . 
(VI) 
(V) (VII) 
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(VII) 
(IX) 
B a e y e r - V i l l i g e r o x i d a t i o n of ke tones t o e s t e r s o r 
l a c t o n e s has been developed by using v a r i o u s r e a g e n t s , 
e . g . , hydrogen p e r o x i d e , peroxy ac ids and m e t a l c a t a -
6—8 9 
l y s t s . Recen t ly Kiyotomi Kaneda e t a l . s t u d i e d t h a c 
a combination system of molecu la r oxygen and a ldehydes was 
an e f f i c i e n t ox idan t for both t h e o x i d a t i v e c l e a v a g e and 
t h e epox ida t ion of o l e f i n s ' . Using t h e above o x i d -
a n t , they s t u d i e d a s e l e c t i v e s y n t h e s i s of l a c t o n e s or 
e s t e r s from k e t o n e s i n t h e absence of meta l c a t a l y s t 
(Scheme-l) and t h a t a d d i t i o n of benzoyl c h l o r i d e remark-
ab ly i n c r e a s e s y i e l d s of t h e B a y e r - V i l l i g e r p r o d u c t s . 
Th i s o x i d a t i o n system (in s i t u g e n e r a t i o n of p e r a c i d s ) i s 
a very convenient method f o r B a y e r - V i l l i g e r o x i d a t i o n , 
12—20 
compared wi th o t h e r o x i d i z i n g r e a g e n t s . They had 
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I t was conceivable t h a t t h i s Baeyer-Vi l l iger oxida-
t i o n occurs mainly by an organic pexacid generated from 
21 the r e a c t i o n of an aldehyde with molecular oxygen 
The th ree component system of aldehyde, molecular oxygen 
and chlorohydrocarbon plays as a useful monoxygenation 
type reagent f o r both Baeyer-Vi l l iger oxidation of ketones 
and epoxidat ion of o lef ins even in the absence of metal 
c a t a l y s t s ^ ^ ' ^ ^ . 
The development of new r e a c t i o n pathways in the syn-
22 t h e t i c organic chemistry by oxidat ion method had been 
very much useful for the organic chemists , S u c c e p t i b i l i t y 
of alkenes and hydroxy group to the e l e c t r o p h i l i c at tack 
and t h e i r c a p a b i l i t y to reduce most of the oxidants mot i -
vated t he chemists to study the oxidising e f fec t s of 
t r a n s i t i o n metal ions and oxides on alkene and hydroxy 
group. The importance of metal ion as oxidants was due to 
t h e i r low cos t , s t a b i l i t y and considerably s e l e c t i v i t y 
with r e spec t t o funct ional groups by v i r t u e of t h e i r ac t ion , 
The most commonly used inorganic oxidants are po ta -
ssium permagnate, osmium t e t r a o x i d e , ruthenium t e t r a o x i d e , 
Palladium c h l o r i d e , potassium peroxydisulphate and c e r t a i n 
chromium and mercury s a l t s . Besides these , some organic 
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complexes of t h e s e metals were a l s o used f o r example 
pyr id in ium d ich roma te , b u t y l chromate e t c . 
The o x i d a t i o n of a l c o h o l s main ly g ive ca rbony l 
compounds. The primary a l c o h o l s gave r i s e t o t h e a l d e -
hydes and secondary a l c o h o l s y i e l d e d k e t o n e s . While 
a lkenes undergo e i t h e r e x h a u s t i v e o x i d a t i o n or a l l y l i c 
o x i d a t i o n depending upon t h e r e a c t i o n c o n d i t i o n s , r e a g e n t s 
used and a l s o upon t h e n a t u r e of o x i d a n t s . I n some c a s e s , 
t h e r e a c t i o n took p lace at room t e m p e r a t u r e but i n most 
of t h e c a s e s , t h e r e a c t i o n s a re c a r r i e d out a t e l e v a t e d 
t e m p e r a t u r e s t o avoid t h e e x t e n s i v e o x i d a t i o n . The p r o -
d u c t s of t h e s e o x i d a t i o n s from o l e f i n s were k e t o n e s , 
a - k e t o l s and o t h e r degraded p r o d u c t s . 
23 Windus and Naggatz r e p o r t e d t h e o x i d a t i o n of 
c h o l e s t e r y l a c e t a t e (X) w i th chromic acid i n a c e t i c ac id 




complexes of these metals were also used for example 
pyridinium dichromate, bu ty l chromate e t c . 
The oxidat ion of alcohols mainly give carbonyl 
compounds. The primary a lcohols gave r i s e to the a l d e -
hydes and secondary alcohols yielded ketones. While 
alkenes undergo e i t h e r exhaustive oxidat ion or a l l y l i c 
oxidation depending upon the r eac t ion cond i t ions , reagents 
used and also upon the nature of oxidants . In some cases , 
the reac t ion took place at room temperature but in most 
of the cases , the reac t ions are car r ied out a t e levated 
temperatures to avoid the extens ive oxida t ion . The pro-
ducts of these oxidations from o le f ins were ke tones , 
a -ke to l s and other degraded products . 
23 Windus and Naggatz repor ted the oxidat ion of 
cho l e s t e ry l ace t a t e (X) with chromic acid in a c e t i c acid 





2 4 9 ^ 
Fieser et a l . * ident i f ied the oxidation products 
23 
of Windus and Naggatz obtained by chromic acid oxidation 
from epicholesteryl acetate (XII) as 5-acetoxy-5a-choles-
tane-3,7-dione(XIIl) and suggested the intramolecular 




.26 Corey and Suggs had studied the use of Pyridinium 
chlorochromate as oxidant. They reported the advantage 
of this reagent over others and showed that it can be pre-
pared easily, safely and also possesses high capability 
to convert primary alcohols into aldehydes in better yield. 









Wil l iam and Co-workers r e p o r t e d t h e o x i d a t i o n of 
o l e f i n s (XI I , XIV-XXVl) wi th chromium t r i o x i d e - p y r i d i n e 
complex a t room t e m p e r a t u r e and ob ta ined t h e f o l l o w i n g 




















< - ^ ^ r - " ^ 
(XXII) (XXXVIII) (XXXIX) 
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^ " ^ o ^ ^ ^ ^ A. 
H5C6 C.H 6**5 H5C6 C,H^ H5C6 ^6"5 








(XXYI) (XLIV) (XLV) 
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2 8 Wender e t a l . r e p o r t e d t h e o x i d a t i o n of 1 , 4 -d i ene 
(XLVI) by py r id in ium chiorochrornate and o b t a i n e d d ienones 
(XLVII) and (XLVIII ) . M a r s h a l l and Wuts'' r e p o r t e d on 
analogous behav iour of 1 ,4 -d iene (XLIX) wi th py r id in ium 
ch lorochromate which y i e l d e d two products (L and L l ) . 
1x6 







30 D j e r a s s i and Lenk r e p o r t e d t h e use of N - i o d o s u c c i n i -
mide for t h e s y n t h e s i s of i o d o k e t o n e s . They t r e a t e d s t e r o i -
d a l enol a c e t a t e ( L I I ) w i th N- iodosuccin imide and ob ta ined 
21 - iodopregeno lone a c e t a t e ( L I I I ) , Muller and J o n e s 
p r e p a r e d , a - i o d o k e t o n e (LV) from t h e enol a c e t a t e (LV). 
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32 Siemann e t a l . repor ted t h e prepara t ion of S^-sub-
s t i t u t e d (20S)-20-[(benzenesulphonyl)methyl]pregn-5-en-7-









repor ted tha t both epoxidation and oxidat ive cleavage 
of o le f ins using the system cons i s t i ng of aldehydes and 
molecular oxygen s t rongly depends on the kinds of 














^ ^ ^ ^ 
SCHEME-1 
T a b l e - 1 : E f fec t of v a r i o u s a ldehydes on B a y e r - V i l l i g e r 
o x i d a t i o n of cyclohexanone and e p o x i d a t i o n of 
2 - o c t a n e . 
Aldehyde 
Yie ld of o x i d a t i o n products % 
B a e y e r - V i l l i g e r 
O x i d a t i o n 















Q u a n t i t a t i v e 
Reaction of s t e r o i d a l o lef ins with molecular oxygen and 
benzaldehvde : 
Development of the new oxidation pathways in the syn-
t h e t i c organic chemistry were of great importance. Here an 
attempt had been made to oxidize the s t e r o i d a l o le f ins such 
as 3^-hydroxycholest-5-ene (LVIII), 3^ -ace toxycho les t -5 -
ene (X) and 3p-chlorocholes t -5-ene (LIX) with the help of 
molecular oxygen and benzaldehyde t o y i e ld hydroxy ketones 
such as 3p,5-dihydroxy-5a-cholestan-6-one (LX), i t s 3p-
acetoxy (LXl) and 3p-chloro (LXll) , analogues. The 




















Reaction of cholesterol (LVIIl) with oxygen and benzal-
dehyde In presence of benzoyl chloride (as catalyst) : 
A three necked flask fitted with a reflux condenser 
was cooled to -15°C and into it, benzaldehyde and carbon 
tetrachloride were placed and oxygen was bubbled into 
the constantly stirred solution at room temperature for 
1 hr« A solution of cholesterol (LVIII) in carbon tetra-
chloride was added along with benzoyl chloride used as 
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catalyst and the resulting solution was stirred for 
further 8 hours with constant bubbling of oxygen at 
room temperature. Benzoic acid formed during reaction 
Was removed by the successive treatment of the reaction 
mixture with sodium sulphite solution (5%) and sodium 
bicarbonate solution {b%) and the CX:i^  layer was passed 
through anhydrous sodium sulphate. Evaporation of the 
solvent under reduced pressure provided an oil which 
was chromatographed yielding solid compound, m.p. 234-
235°C. 
Charac te r i za t ion of the compound having m.p. 234-235°C 
as 36.5-dihvdroxv-5a-cholestan-6-one (LX) : 
The compound having m.p. 234-235 C was analysed 
for C27H^^02. In i t s IR spectrum a strong and broad 
absorpt ion band a t 3350 cm" was observed, assigned to 
hydroxy group. Another strong absorption band at 1700 
cm" was due to the presence of carbonyl group. In 
H-NMR a peak as s e p t e t was observed at d 3.95 for C^ 
proton with J -va lue 12 Hz. The J -va lue suggested the 
a-or i f ln ta t ion of the proton. The equa tor ia l proton of 
Cj was observed a t d 2.26 with coupling cons t an t s 4 .5 Hz 
and 13 Hz for a x i a l - e q u a t o r i a l and gem coup l ings . 
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Hydroxyl protons appeared as s i n g l e t a t d 2.57 (exchange-
able with deu te r ium) . Other s igna l s were observed a t d 
1.02 (CIO-CH3), 0 .72 (CI3-CH3), 0 .89 and 0.80 (o ther methyl 
p ro tons ) . The compound showed the m.p. , mixed m.p. and TLC 
comparable with the authent ic sample of 3p-dihydroxy-5a-
cholestan-6-one ( repor ted , m.p. 231-233 ) . So on the 
bas is of above evidences, the compound was cha rac t e r i zed 
as 3p,5-dihydroxy-5a-cholestan-6-one (IX). 
Reaction of 36-acetoxycholes t -5-ene (X) with oxygen and 
benzaldehvde in presence of benzoyl ch lo r ide (as c a t a l y s t ) ; 
Benzaldehyde and carbon t e t r a c h l o r i d e were placed in 
a t h r e e necked f lask which was cooled to -15**C and in to i t 
oxygen was bubbled t o the cons tan t ly s t i r r e d s o l u t i o n at 
room temperature for 1 hour. A so lu t ion of 3p-ace toxy-
choles t -5-ene (X) in carbon t e t r a c h l o r i d e was added along 
with benzoyl ch lo r ide used as c a t a l y s t and the r e s u l t i n g 
so lu t i on was s t i r r e d for fur ther 8 hours with cons tan t 
bubbling of oxygen a t room temperature . After usual work 
up as d i scr ibed e a r l i e r and evaporat ion of the solvent 
under reduced p re s su re provided an o i l which was chromato-
graphed to y ie ld s o l i d compound, m.p. 232°. 
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Charac te r iza t ion of t he compound having m.p« 232° as 
3p-acet^oxY-5-hYdroxY-5tt-cholestan-6-one (LXI) : 
The compound having m.p. 232° was analysed for 
^29^48^4* *^^® "^ ^ spectrum showed a sharp band a t 34O0 
cm" character ized t o hydroxy group. Another band a t 
1735 and 1235 cm~ were suggested for ace ta te and a band 
a t 1705 cm" was assigned for carbonyl group. The H-NMR 
revealed a peak as s e p t e t a t d 5.15 with coupling cons-
t a n t 12 Hz for C3-aH. The e q u a t o r i a l proton of Cy app-
eared as a double doublet at d 2.31 with J -value 4 . 5 Hz 
and 12 Hz for a x i a l - e q u a t o r i a l and gem coupl ings . Hydro-
xy proton appeared as s i n g l e t d 2 .41 (exchangeable with 
deuter ium). A s i n g l e t appeared a t d 2.0 i n t e g r a t i n g for 
th ree proton was assigned to methyl protons of a c e t a t e 
moiety. Other s igna l s were observed at 1.13 (ClO-CH^), 
0 .7 (CI3-CH3), 0 .9 and 0.80 (o ther methyl p r o t o n s ) . The 
compound showed the ii.p.» mixed m.p. and TLC comparable 
t o the authent ic sample of 3p-acetoxy-5-hydroxy-5a-choles-
tan-6-one (reported "^ j m.p. 232-233°) . On the b a s i s of 
above observations^ the s t r u c t u r e of the compound, m.p. 
232° was es tab l i shed as 3p-acetoxy-5-hydroxy-5a-cholestan-
6-one (LXI). 
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Reaction of 3B-chlorocholest-5-ene (LIX) with oxygen and 
benzaldehvde In presence of benzoylchlorlde (as c a t a l y s t ) : 
3p-Chlorocholest-5-ene (LIX) were t r ea ted wi th oxy-
gen and benzaldehyde in presence of benzoyl c h l o r i d e (as 
c a t a l y s t ) under s imi la r r eac t ion condi t ions as mentioned 
e a r l i e r . After usual work up and column chromatography 
the reac t ion mixture afforded a compound, m.p. 180 , 
Charac ter iza t ion of the compound having m.p. 180° as 
3e-chloro-5~hYdroxy-5tt-cholestan-6-one (LXII) : 
The compound having m.p. 180** was analysed for 
um ^27^45^^*^2 (positive Beilstein test). In its IR spectr 
a strong and broad absorption band at 3390 c«~ was 
observed assigned to hydroxy group. Another band at 1705 
ca" was characterized for carbonyl group and a band ex-
hibited at 710 cm"-'- was assigned to (C-Cl). The •"'H-NMR 
of the compound exhibited a peak as septet at 4.35 for 
one proton with coupling constant 12 Hz, A double doublet 
for one proton at 2.31 with coupling constants 4.5 Hz 
(axial-equatorial) and 13 Hz (gem coupling) for C^ (equa-
torial) was observed. A singlet appeared at d 2.40 
(exchangeable with deuterium) was assigned to C5-aOH. 
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The other s ignals were observed a t 0,96 (ClO-CH^), 0 .73 
(CI3-CH3), 0.86 and 0.80 (other methyl p ro tons ) . The 
compound showed the m.p . , mixed m.p. and TLC comparable 
t o the authentic sample of 3P-chloro-5-hydroxy-5a-choles-
tan-6-one (reported , m.p. 182*'). The above informations 
led to the s t ruc tu re of the compound, m»p» 180° as 3/3-chloro-
5-hydroxy-5a-cholestan-6-one (LXIl ) . 
A mechanism i s suggested for the formation of t h e 
products (LXI - LXIII) from s t e r o i d a l o le f ins (LVIII -
LX) in scheme-2. 
SCHEME-2 



















Reaction of s t e r o i d a l o lef ins with Pvridlnlutn dlchromate 
In d i f f e ren t aoro t lc solvents : 
Since the development of new pathway In synthet ic 
22 organic chemistry by oxidation methods had been very 
useful . So, an attempt had been made t o s ingle s tep 
synthesis of s t e r o i d a l ketones with the help of PDC in 
d i f f e r en t apro t ic solvents and a lso t o judge the effect 
of PDC In d i f f e r e n t aprotic s o l v e n t s . At the present 
work the so lven t s namely e the r , chloroform, dichromethane, 
carbon t e t r a c h l o r i d e , acetone, te t rahydrofuran, dlmethyl-
su l fox ide /e the r and 1,4-dioxane were chosen. The best 
oxidising e f fec t of PiX was noticed in N,N-dimethylforma-
mide which afforded the dlketone (choles t -4-en-3 ,6-d lone , 
LXIII) from cho le s t e ro l (LVIIl) in excellent y i e l d . In 
dlchloromethane PDC oxidised cho l e s t e ro l (LVIIl) to 
choles t -4-en-3-one (LXIV) in 40% y i e l d . The r e s t choles-
t e r o l was recovered as unreacted. The cho le s t e ro l (LVIIl) 
on t rea tment with PDC In e ther afforded dlketone (3.5?^, 
LXIII) and t h e r e s t of the c h o l e s t e r o l (LVIIl) was r e c o -
vered. I t might be due t o i n s o l u b i l i t y of PDC in ether"^^. 
In chloroform the dlketone (409^, LXIII) was obtained while 
in carbon t e t r a c h l o r i d e both ketones (LXIV) and (LXIII) 
were obtained in 7.5?^ and 20^ r e s p e c t i v e l y . When another 
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apro t ic so lven t , acetone was taken, t he r eac t ion provided 
the ketones (LXIV, 209 )^ and (LXIII, 32.55l£). In t e t r a -
hydrofuran the ketones (LXIV, A.b% and LXIII, 17.5%) were 
obtained. When a mixture of d imethylsulfoxide and e the r 
Was chosen as ap ro t i c solvent t h e same ketones (LXIV, 5.5/I* 
and LXIII, 18.5%) were obtained. Here in t h i s case the 
mixture of so lven ts was taken because in DMSO the c h o l e s -
t e r o l (LVIII) was not soluble while PDC was soluble and in 
e ther v ice ve r s a . The yie ld as t h e mixture of ketones was 
very poor although no s t a r t i n g c h o l e s t e r o l was ob ta ined . 
While in the case of 1,4-dioxane the ketones (LXIV, -4.75% 
and LXIII, 13%) were obtained. The two compounds obtained 
from d i f fe ren t ap ro t i c solvents as shown in scheme-3 showed 







PDC, r . t . 
(LXI I I ) 
\ : 
C a r b o n t e t r a 
c h l o r i d e . 
Acetone, O' 
T e t r a h y d r o f u r a n . 
D i m e t h y l s u l f o x i d e , 
1,4-Dioxene (LXIV) 
(LXII I ) (LXIV) 
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Charac te r iza t ion of the compound having m»p. 79--81 C as 
cholest -4-en-3-one (LXIV) : 
The compound (LXIV), m.p. 79-81°C was c o r r e c t l y 
analysed for C^yH.^O. The IR spectrum showed bands 
a t 1680 and 1615 cm"-"" (C=C-C=0)^^. The "'•H-NMR spectrum 
37 
showed a s i ng l e t at d 5.9 for C4-vinylic proton . Angu-
l a r methyl protons were observed at d 1,12 (ClO-CH-j) and 
0.68 (ClS-CHo). Other methyl protons were observed at 
d 0.94 and 0 .82 . On the bas i s of elemental and s p e c t r a l 
data the s t r u c t u r e of the compound was suggested as 
cholest-4-en-3-one (IXIV). 
Charac ter iza t ion of the compound having m.p. 125°C as 
cholest--4-en-3.6-dione (LXIIl) : 
The compound, m.p. 125°C was co r rec t ly analysed for 
^27^42^2* ^^® ^ spectrum showed -^max at 250.5 and IR 
spectrum of the compound showed bands at 1700 and 1620 
cm"^ (C=C-C=0). I t s H^-NMR spectrum exhibi ted a s i ng l e t 
i n t eg ra t i ng fo r one proton at d 6.15 and was assigned t o 
the C4-vinylic proton. The angular methyl protons appea-
red at 1.15 (CIO-CH3) and 0 .71 (CI3-CH3), o ther methyl 
protons were observed a t d 0 . 9 1 , 0.86 and 0 . 8 4 . The mass 
: 158 : 
spectrum of t h e compound gave molecular ion peak (M.) a t m/z 
3 98 CC27H.202^ fol lowed by o t h e r s i g n i f i c a n t fragment 
i ons at m/z 383 , 380, 370, 285 , 270, 242, 137, 134 and 
o t h e r lower mass peaks . Genes i s of some of t h e fragment 
ions are shown i n Scheme-4. On t h e b a s i s of t h e s e v a l u e s , 
t h e compound, m.p, 125°C was i d e n t i f i e d as c h o l e s t - 4 - e n - 3 , 
6 -d ione ( L X I I l ) . 
SCHEME-4 





m/z 134 m/z 380 
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MECHANISM : Mechanism fo r t h e fo rmat ion of c h o l e s t - 4 - e n -
3-one (LXIV) and c h o l e s t - 4 - e n - 3 , 6 - d i o n e 
(LXIII ) i s t e n t a t i v e l y given as fo l lows : 
^ ^ 
0x20?' 
+ 2H + CrjO/" 
H^'^H^ 
















Reaction of c h o l e s t e r o l (LVIIl) with oxygen and benzal-
dehyde in presence of benzoylchloride (as c a t a l y s t ) : 
3B. 5--Dihvdroxy-5a-cholestan-6-one (LX) : 
A th r ee necked flask f i t t e d with a re f lux condenser 
was cooled t o -15°C and i n to i t , benzaldehyde (2 ml) and 
carbon t e t r a c h l o r i d e (10 ml) were taken and oxygen was 
bubbled i n t o t he cons tant ly s t i r r e d so lu t ion at room tem-
perature for 1 h r . A carbon t e t r a c h l o r i d e so lu t ion (5 ml) 
of cho l e s t e ro l (LVIII) (2 g) was added along with benzoyl 
chlor ide (O. l ml) and the r e s u l t i n g so lu t ion was s t i r r e d 
for fu r the r 8 hours with bubbling of oxygen at room tem-
pe ra tu re . Benzoic acid was removed by the successive 
treatment of t he r eac t ion mixture with sodium su lph i t e 
so lu t ion (551^ ) and sodium bicarbonate so lu t ion (5?^) and the 
CCl^ layer was passed through anhydrous sodium sulphate so 
as t o remove any t r aces of water, the solvent was evapo-
ra ted under reduced pressure giving an o i l (1 .8 g) which 
was chromatographed over s i l i c a gel (40 g ) . Elut ion with 
methyl alcohol gave a sol id compound, 3^,S-dihydroxy-Sa-
cholestan-d-one (LX) which was r e c r y s t a l l i z e d from metha-
nol , (1.13 g ) , m.p. 234-235°C. 
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Analysis found : C, 77.49; H, 11.00 
^7^46^3 ^^cjuires : C, 77.51; H, 11.009S 
- 1 J-). IR : .^« V 3 3 5 0 (OH) a n d 1 7 0 0 cm""^ ( 
V max 
•'•H-NMR : d 3.95 (Septet, IH, C3-aH, J = 12Hz), 
2.26(dd, IH, C7-PH, Jae = 4.5Hz, Jgem= 
l3Hz), 2.57 (s , C5-a0H, exchangeable 
with deuterium), 1.02 (CIO-CH3), 0.72 
(CI3-CH3), 0.89 and 0.80 (other methyl 
protons). 
Reaction of 3B--acetoxvcholest~5r'ene (X) , with oxygen 
and benzaldehyde in presence of benzoyl chloride (as 
catalyst) ; 3B--Acetoxv-5-hydroxv-5a~cholestan-6-one 
(LXI) : 
Under similar conditions as described earlier, ben-
zaldehyde (2 ml) and carbon tetrachloride (10 ml) were 
placed and oxygen was bubbled into the constantly stirred 
solution at room temperature for 1 hour. Carbon te t ra -
chloride solution (5 ml) of 3p-acetoxychole8t-5-ene 
(X) (2 g) was added along with benzoyl chloride (O.l ml) 
and the resulting solution was stirred for further 8 hours 
: 163 : 
with bubbling of oxygen at room temperature . After usual 
work up as described e a r l i e r afforded an o i l (1 .72 g) 
which was chromatographed over s i l i c a gel (40 g ) . Elut ion 
with l i gh t petroleum ether : e ther (1:1) gave a so l id 
compound, 3p-acetoxy-5-hydroxy-5a-cholestan-6-one (LIX) 
which Was r e c r y s t a l l i z e d from acetone (1 ,15 g ) , m.p. 
232°C. 
Analysis found : C, 75.50; H, 10.26 
^29^48^4 ^ ^^ 'Ji^ es : C, 75.65; H, 10.43?^  
IR : 0 V 3400 (OH), 1735 and 1235 (-O-C-CH3), 
1705 cm"-^  ^ "S"^' 
^H-NMR : d 5.15 (septet, IH, C3-aH, J = 12Hz), 
2.31 (dd, IH, C7-PH, Jae = 4.5Hz, 
Jgem = 12Hz), 2.41 (s, C5-aOH, exchangea-
ble with deuterium), 2.0 (s, -O-C-CH3) 
O 
1.13 (C10-CH3), 0.7 (CI3-CH3), 0.9 and 
0.80 (other methyl protons). 
Reaction of 3g~chloroCholest-5-9ng .. (LIX) with oxygen 
and benzaldehvde in presence of benzovlchlor ide (as c a t a -
l y s t ) t 3B-Chloro-5-hvdroxv-5a-chole5tan-6-one (LXII) : 
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Bens-aldehyde (2 ml) and carbon t e t r a c h l o r i d e (10 ml) 
were placed and oxygen was bubbled into the cons t an t l y 
s t i r r e d so lu t ion under s imilar reac t ion c o n d i t i o n s . A 
carbon t e t r a c h l o r i d e solut ion (5 ml) of 3 p - c h l o r o -
cholest-5-ene (LIX) was added along with benzoyl chlor ide 
(0 .1 ml) and the r e s u l t i n g solut ion was s t i r r e d for fu r -
ther 8 hours with bubbling of oxygen at room temperature . 
After usual work up gave an o i l (1.68 g) which was chro-
matographed over s i l i c a gel (40 g ) . Elution wi th l i g h t 
petroleum ether : e ther (25:1) gave a solid compound which 
was r e c r y s t a l l i z e d from acetone to afford 3 ^ - c h l o r o - 5 -
hydroxy-5a-cholestan-6-one (LXII) (1.25 g ) , m.p. 180°. 
Analysis found : C, 74.30; H, 10.28 
C27H45CIO2 r equ i r e s : C, 74.31; H, 10.32?^ 
O 
II 
IR : ^^^^ 3390 (OH), 1705 (-C-) and 710 
cm"-'- (C-Cl). 
^H-mR : d 4.35 ( s e p t e t , IH, C3-aH, J = l2Hz), 
2.31 (dd, IH, C7-^H, Jae = 4.5 Hz, 
Jgem « 13Hz), 2.40 (s, C5-a0H, exch-
angeable with deuterium), O.9l(C10-CH3), 
0.77 (CI3-CH3), 0.87 and 0.84 (other 
methyl protons). 
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Preparation of PDC (Pvrldlnlum dlchromate)i 
Chromium t r l o x i d e (50 g) was dissolved in 50 ml of 
Water and cooled, then 40,6 ml of pyridine i s added. 
The resu l t ing so lu t ion was cooled to -20°C by ex te rna l 
cooling and then 200 ml of acetone i s added and f i l t e r e d 
immediately under suct ion, to get dark red shining 
c r y s t a l s (32 g) m.p. 156°C. 
Reaction of cho le s t e ro l (LVIII) with PDC : Cho le s t -4 -
en~3-one (LXIV) and cholest-4-en-3.6 ' -dione (LXIIl) : 
To a so lu t ion of cho l e s t e ro l (LVIII) (2 g) in 44 ml 
of aprotic solvent l i k e e the r , chloroform, carbon t e t r a -
ch lor ide , acetone, te t rahydrofuran , d imethylsul foxide , 
1,4-dioxane and dichloromethane 8.8 g of PDC was added as 
shown in Table-1 and the r e a c t i o n mixture was s t i r r e d a t 
room temperature under anhydrous condit ions for 6 hours. 
The reac t ion was monitered with the help of TLC p l a t e s . 
After 6 hours 440 ml of water was added and the r e a c t i o n 
mixture was worked up with the organic so lven t reported in 
the Table-1 and was washed with water, sodium bicarbonate 
so lu t ion (5?^) and again with water . The so lu t i on was also 
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and water again and dried anhydrous sodium sulphate. 
The solvent was evaporated under reduced pressure. The 
residues, so obtained were chromatographed over s i l i ca 
gel (40 g). Elution with light petroleum ether : ether 
(15:1) gave a solid compound which was recrystallized 
from methanol to afford cholest-4-en-3-one (LXIV), m.p. 
79-81°C. 
Analysis found : C, 84.21;, H, 11.32 
CgyH^ O^ requires : C, 84.37; H, 11.46% 
IR : ^jj^^^ 1680, 1615 cm"^  (0=0-0=0). 
•••H-NMR : a 5.9 (s, C4-vinylic H), 1.12 (s , 
OIO-CH3), 0.68 (s, OI3-CH3), 0.94 and 
0.82 (other methyl protons). 
Further elution with light petroleum ether : ether 
(10:1) afforded a solid compound which was recrystallized 
from methanol to afford cholest-4~en-3,6-dione (LXIIl), 
m.p. 125°C. 
Analysis found : 0, 81.01; H, 10.6 
^27^42^2 ^®q"i^ es : C, 81.20; H, 10.8?i 
U.V. : \ 250.8 nm. 
Amax 
IR : ^ ^^^ 1700 and 1620 cm""^  (C=C-C=0). 
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^H-NMR : d 6 .15 ( s , IH, C 4 - V i n y l i c ) , 1.15 ( s , CIO-CH3), 
0 . 7 1 ( s , CI3-CH3), 0 . 9 1 , 0 . 8 6 and 0o84 ( o t h e r 
















398 (100, C27H42°2^' ^ ^^ (18.27), 396 (13.43), 
(12.39), 383 (10.07), 382 (l4.7l), 370 (4.01), 
(3.12), 366 (3.47), 284 (5.06), 282 (3.18), 
(3.49), 269 (1.08), 266 (3.02), 246 (5.37), 
(3.11), 242 (4.10), 240 (2.15), 228 (5.06), 
(4.03), 214 (4.03), 212 (4.15), 210 (3.17), 
(3.02), 202 (4.07), 200 (5.18), 198 (4.25), 
(5.01), 188 (8.19), 184 (5.32), 183 (2.OI), 
(4.01), 180 (3.02), 176 (5.14), 175 (4.02), 
(14,31), 173 (3.21), 172 (10,lO), 170(7.51), 
(8.39), 162 (8.02), 160 (12.31), 158(13.02), 
(18.49), 151 (9.02), 140 (7.12), 137(12,21), 
(64.09), 135 (26.04), 134 (24.47), 120(7.05), 
(24.03), 108 (35.43), 106 (41.27), 104 
.91), 100 (18.29). 
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Chapter 4 
Synthesis of Azasteroids 
WijimtHttzii 
THE SYhfTilESIS OF AZASTEROIDS 
Insertion of nitrogen atom into steroid nucleus has 
been effected mostly by reactions with steroid ketones, 
like the Beckmann rearrangement of oximes and Schmidt 
reaction, and by suitable reactions with the respective 
seco-keto acids and oxasteroids. The other methods of 
preparation include imide synthesis, Curtius and Hofmann 
rearrangements, total synthesis, etc. The lactams and 
imides can be reduced to the respective basic azasteroids 
which are used to prepare various related analogues. The 
literature on insertion of heteroatoms into the steroid 
nucleus was surveyed by Tokes , and his compilation is a 
useful compendium of the representative references on the 
topic. 
There has been reports of the development of photo-
9—7 
chemical reactions as applicable to nitrogenous steroids 
8—12 
The microbiological transformation of azasteroids and 
13 discovery of microbiological amidation of steroids are 
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r o u t e s of i n t e r e s t f o r o b t a i n i n g v a r i o u s a z a s t e r o i d 
a n a l o g u e s . Th is chap te r d e a l s wi th some of t h e more 
r e c e n t and p e r t i n e n t examples r e g a r d i n g t h e p r e p a r a t i o n 
of a z a s t e r o i d s . 
The Beckmann rearrangement of A - n o r - 5 a - p r e g n a n e - 2 , 
20-d ione-2-ox ime ( I ) gave a mix tu re of 2 -aza ( I I ) and 
/ \ 14 
3-aza C I I I / compounds , S i m i l a r l y , A-homo-4-aza compound 
(V) was o b t a i n e d from the oxime (IV) . 
H-N 
( I ) ( I I ) ( I I I ) 
179 : 
Jones e t a l . prepared 2-aza-3-oxo- , (Vl) and 
3-a2a-2-oxo-5a--androstane ( V I l ) . 
H 
(VI) (VII) 
4,4-Dimethyl-5a-cholestan-3~one oxime (VII l ) when 
heated with p-toluenesulphonyl ch lor ide in pyr id ine , 
gave 4-aza-A-homo-4a,4a-dimethyl-5a--cholestan-3-one (IX) 





Kobayashi e t a l . ^ obtained 3-aza-A-hoinocholest-
4a-en-4--one (XII) and 4-aza-A-homocholest-4a-en-3-one 
(XII l ) from cholest-4-en-3-one oxime (XI), containing 7b% 
of the syn and 2^% of an t l forms on treatment with poly-
phosphor Ic acid at 125-135°. 
(XI) (XII) (XIII) 
The oxime of 5a-cholest-l-en-3-one was resolved into 
syn and anti forms in the approximate ratio of 1:5 by pre-
parative thin layer chromatography treatment of the syn 
oxime (XIV) with polyphosphoric acid gave 4-aza-A-homo-5a-
cholest-l-en-3-one (XV). The anti f.orm (XVI) under similar 
conditions gave 3-aza-A-homo-5a-cholest-l-en-4-one (XVII) 
and the lactam (XV), which was most obviously derived by 








Ring B Azas tero lds : 
18 Shoppee e t a l . prepared 7a-aza-B-homo-5a-cholestan-
7-one (XIX) from 5a-cho les tan-7 -one oxime (XVIIl ) using 
t h i o n y l c h l o r i d e at - 1 0 ° . The lactam (XIX) on reduct ion 





H 'f H 
HO 
(XVIII) (XIV) (XX) 
When cholest--5-en-7-one oxime (XXI) was treated with 
thionyl chloride in didxaneor with thinoyl chloride alone, 
1 ft the lactam (XXII) was obtained as the sole product. 






20 Jacobs e t a l . observed t h a t t he r e a c t i o n 5 - k e t o - 5 , 
7 - s e c o - 6 - n o r c h o l e s t a n - 7 - o i c acid (XXIII) w i th e t h a n o l i c 
ammonia under p r e s s u r e gave 6 - a z a c h o l e s t - 4 - e n - 7 - o n e (XXIV) 
I t s hydrogena t ion product (XXV) on r e d u c t i o n w i th l i t h i u m 
aluminium hydr ide gave 6^aza -5a~cho les tane (XXVI). 
(XXIII) (XXIV) (XXV) 
(XXVI) 
Ring C a z a s t e r o i d s : 
21 Kutney e t a l . p repared 3 p - h y d r o x y - l l - a 2 a - 5 a , 2 2 p -
s p i r o s t ~ 8 ( 9 ) - e n - 1 2 - o n e (XXIX) s t a r t i n g from t h e seco acid 
184 
(XXVIII) which was obtained by ozonolysis of 9 , 1 1 -
dehydrohecogenin ace ta te (XXVIl). The seco-acid (XXVIIl) 
on treatment with ammonia gave the lactam (XXIX), the 












Ring D Azasterolds : 
In the course of r e i n v e s t i g a t i o n of the r e a c t i o n of 
s t e r o i d a l ketoximes with polyphosphoric ac id , Kobayashi 
e t a l . observed t h a t when 3p~acetoxy-5a-androstan-17-
one oxime (XXXI) was heated under ref lux in pyr id ine with 
polyphosphoric ac id , 3^-acetoxy-17a-a2a-D~homo-5a-andro-
stan-17-one (XXXIl) and the n i t r i l e (XXXIIl) were the 






15 Jones et al. readily obtained 17-aza-5a-androstan-
16-one (XXXVI) by the Beckmann rearrangement of the 16-
hydroxyimino-17-ketone (XXIV) to 17-aza-D-homo-5a-andro-
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The Beckmann Rearrangement 
The rea r rangement of a ke toxime t o t h e c o r r e s p o n d i n g 
23 
amide was d i s c o v e r e d by E. Beckmann and i s known as t h e 
Beckmann r e a r r a n g e m e n t . The rear rangement i s brought 
about by a c i d s i nc lud ing Lewis a c i d s , 
Ri_Cj>R —Acid ^ R'CONHR a n d / o r RCONHR« 
NOH 
The more common r e a r r a n g i n g agents a re c o n c e n t r a t e d 
s u l p h u r i c a c i d , phosphorus p e n t a c h l o r i d e i n e t h e r , and 
Beckmann's m i x t u r e , hydrogen c h l o r i d e in a m i x t u r e of 
a c e t i c acid and a c e t i c a n h y d r i d e . 
S ince t h e d i s c o v e r y of t h e r e a c t i o n , t h e number of 
r e p o r t e d examples of t h e Beckmann rea r rangement has become 
enormous because of s u s t a i n e d i n t e r e s t i n i t s mechanism, 
i t s a p p l i c a t i o n s t o s y n t h e s i s and d e g r a d a t i o n and t h e i n -
d u s t r i a l i n t e r e s t i n i t as a s t e p i n the manufac tu re of 
24 25 
s y n t h e t i c polyamide . B l a t t , J ones and Knunyants e t 
a l . have summarized t h e pub l i shed l i t e r a t u r e conce rn ing 
t h e Beckmann r e a r r a n g e m e n t . 
192 
Mechanism : 
E a r l i e r , i t was considered t h a t the Beckmann 
rearrangement, l ike keto-enol tautotnerism, involves the 
exchange of pos i t ions of adjacent groups and i t was r e -
presented as under ; 
R-C-R > R-C-OH — — > R-C=0 
II II T 
NOH N-R NH-R 
Such a mechanism was, however, disproved by 
27 
Meisenheimer . The mechanism of the Beckmann r e a r r a n g e -
ment c o n s i s t s e s s e n t i a l l y in the formation of an e lec t ron-
de f i c i en t ni t rogen atom by the p a r t i a l i on iza t ion of the 
oxygen-nitrogen bond of the oxime with a simultaneous 
in t ramolecular migration of the group an t i t o t h e depa r t -




H^ s R'-C-R 
N-OH N OH2 
(XXXVII) (XXXVIII) 
R - C - OH^ > R - C-OH+H '^  R-C=0 
M 2 II ' T I 
R' - N R' - N R*-NH 
193 
Rearrangement of (XXXVII) and (XXXVIII) proceeds 
e s s e n t i a l l y as an in t ramolecular displacement, whereby 
28 29 R*, if o p t i c a l l y a c t i v e , r e t a i n s i t s op t i ca l a c t i v i t y ' 
30 
Kuhara et a l . demonstrated tha t whereas t h e oxime 
i t s e l f does not rear range without the aid of a c a t a l y s t , 
i t s benzene sulphonate e s t e r rearranges spontaneously at 
room temperature . The funct ion of ca ta lys t i s t o form an 
imine intermediate which i s capable of spontaneous r e -
arrangement. The ex i s tence of an imine in termedia te was 
fu r the r indicated by the i s o l a t i o n of an imine d e r i v a t i v e 
(XXXIX) formed by displacement of the sulphonyl e s t e r by 
31 strong nucleophi l ic agents , and by the formation of 








-> Ph-COCH^ + PhSO^OH 







Chapman e t a l . c o n t r i b u t e d g r e a t l y t o t h e e l u c i d a -
t i o n of e l e c t r o n i c e f f e c t s i nvo lved i n t h e r e a r r a n g e m e n t 
of s u b s t i t u t e d benzophenone oxime e t h e r s and concluded 
t h a t t h e r a t e - d e t e r m i n i n g s t e p i n t h e r e a r r a n g e m e n t must 
be t h e p a r t i a l i o n i z a t i o n of t h e n i t rogen -oxygen bond of 
t h e oxime e t h e r wi th s imu l t aneous m i g r a t i o n of t h e a r y l 
33 30 
group a n t i t o t h e p i c r y l group . Fu r the rmore , Kuhara 
had demonst ra ted t h a t t h e r a t e of rea r rangement of a s e r i e s 
of e s t e r s of benzophenone oxime i n chloroform were p r o -
34 p o r t i o n a l t o t h e ac id s t r e n g t h of t h e e s t e r i f y i n g acid 
The ease of r ea r rangement t h e r e f o r e i n c r e a s e s w i t h t h e 
d i s s o c i a t i o n c o n s t a n t of t h e e s t e r i f y i n g a c i d : 
C^H^S03H > ClCHgCOgH > C^H^C02H > CH3CO2H 
Because of t h e m u l t i t u d e of p o s s i b l e i n t e r m e d i a t e s 
i nvo lved in t h e Beckraann r ea r rangemen t t h e r a t e d e t e r m i -
ning s t e p of t h e r ea r r angemen t depends upon t h e r e a c t i o n 
t e m p e r a t u r e , t h e s o l v e n t and t h e c a t a l y s t employed. 
36 Hinsgen et a l . c a r r i e d out t h e k i n e t i c s t u d i e s of 
t h e Beckmann rea r rangemen t of a s e r i e s of t h e p i c r y l e t h e r s 
of benzocycloa lkanone ox imes , such as (XLI) , They sugges t ed 
t h a t t r a n s i t i o n s t a t e t o be a b r i d g e c a t i o n s t r u c t u r e (XLII) 
with three fused rings. 
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0-Pi 
^ . ^^^^ (CH^) ' 
(XLI) 
C = N 




For the maximum s t a b i l i t y , the bridged c a t i o n (XLII) 
should have the benzene r i ng at r i g h t angle t o t h e C=N 
axis» When the a l i c y c l i c r ing i s a f ive membered one, 
t h i s o r i e n t a t i o n can only be achieved a t th« expense of 
tremendous s t r a i n . However, the s t r a i n decreases as the 
r i n g s ize i s inc reased . 
196 
3ft 3 7 
Hammett , and Waters proposed the following mecha-
nism for the Beckmann rearrangement suggesting t h a t t he 
iminocarbonium ion (XLIIl) i s formed as an i n t e rmed ia t e . 
C 
R' AO ^R* 
R 






(XLII I ) 












The evidence in the support of t h i s mechanism i s 
obtained from the i s o l a t i o n of t h e imidoyl e s t e r (XLV). 
38 Heard e t a l . noted tha t t he rearrangement of t h e 
197 
s t e r o i d a l 16,17-dlone 16-oxime (XLVI) with ace t ic anhy-
dried in pyr id ine gave the in termedia te imidoyl e s t e r 
(XLVII), though t h i s has been subsequently shown to be 





Migratory ap t i tude : 
The t ransformat ion of the oxime under t h e inf luence 
of the r ea r rang ing agents depends upon the formation of 
e s t e r s l i k e in termedia te which i s capable of undergoing 
spontaneous rearrangement. The case of the rearrangement 
198 
i s determined by the e l e c t r o n - a t t r a c t i n g capac i ty of the 
30 
group at tached t o the n i t rogen atom . The r a t e of r e -
arrangement decreases with the following sequence of the 
40 e s t e r groups . 
^ 6 S ^ ° 2 ^ P-^10^7^^2 ^ P-CHgC^H^SO^ > 2,4,6-(N02)3C^H2 
35 Huisgen et al. have shown that the alkyl migration 
is slower than the aryl migration in the Beckmann rearra-
ngement. The empirical rule that holds good is that the 
group with the largest bulk will migrate preferentially. 
The migratory aptitude among the alkyl groups has been 
found in the order : 
CH3 < C2H^ < (CH3)2CH < (CH3)3C 
41 
Pearson e t a l . have found tha t the Beckmann r e a r r a -
ngement of acetophenone oxime i s s t e r i c a l l y acce le ra ted by 
t h e presence of o r t h o - s u b s t i t u e n t s . The e f f ec t has been 
a t t r i b u t e d t o the s t e r i c inf luence which reduces conjuga-
t i o n of the benzene r i ng with the oxime double bond, t h e r e 
by increas ing the p o t e n t i a l energy of the oxime. This 
e f fec t i s so pronounced in a d i -o r tho s u b s t i t u t e d ace to-
199 
phenone oxime that it gives rearranged product (XLIX) 




42 Chapman et al. have shown that the rate of re-
arrangement of picryl ethers of benzophenone oxime in 
various solvents decreases in the following order : 
CH3CN > CH3NO2 > (CH3)2CO > C^H^Cl > non polar 
solvents. Therefore, the rate of rearrangement is 
roughly proportional to the dielectric constant of the 
solvent. Since the rate-determining step in the 
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rearrangement of an oxime p i c r a t e involves the p a r t i a l 
33 ion iza t ion of the ni trogen oxygen bond of the oxime , 
i t i s probably the ionizing power of the so lvent r a t he r 
than the d i e l e c t r i c constant which determines the r a t e 
of rearrangement. 
Solvents of high nucleophi l ic power, such as water, 
amines, or a l coho l s , both inc rease the r a t e of the r e a -
31 43 rrangement and compete for the imine in termediate ' 
The second ef fec t a r r e s t s the r e a c t i o n at the imine stage 
44 as indica ted by the following equation 
\ y \ 6 5 , / 
C = N > C = >J -> C « = r N 
y \ / \ . I 
R OSO-C.Hp, R OSO^C.H^ R 
2 6 5 2 6 5 
C^H5S03H 
The ability of the solvent to interact with the interme-
diate probably increases with the nucleophilic power of 
the solvent'*^ ''*'*. 
Determination of configuration of oximes : 
For the determination of configuration of oximes a 
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number of phys ica l and chemical methods may be employed : 
( i ) I t has been found t h a t a n t i oximes r e a c t with 
d iva len t copper and cobalt ions to give coloured 
che l a t i on compounds. The syn oximes, on t he other 
45 hand, do not exhibi t such a property 
( i i ) The U.V, spec t ra of the an t i oximes in a l k a l i n e 
45 so lu t ion shows bathochromic s h i f t s . Fur the r , 
the a n t i isomers show stronger u .v . maxima at 
shor te r wave length than the corresponding syn 
4 4 6 
isomers . 
( i i i ) P h i l i p s observed t h a t the syn and a n t i a ldo -
ximes showed d i f f e ren t chemical s h i f t s of the 
48 aldehyde proton in n .m.r . spec t r a . Mazur studied 
the n.m.r* spect ra of the geometr ical isomers of 
isophorone oxime and found t h a t t he syn isomer 
showed a downfield s h i f t s of about 42 Hz for the 
v iny l i c pro ton . Similar observat ion was made with 
s t e r o i d a l 4-en-3-one oximes. In add i t i on to t h i s , 
the 19-methyl peak was sh i f t ed downfield by about 
2-3 Hz in the syn isomer r e l a t i v e t o the a n t i 
49 isomer. Wolkowshl et a l . prepared a number of 
a,0-unsaturated ketoximes and gave an e f f e c t i v e 
method of analysis of isomers with the help of 
solvent-induced ef fect on chemical s h i f t s . 
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( iv ) The Rf values of t h e syn isomer are smal ler than 
those of the anti-forms in th in layer chromato-
46 graphy on s i l i c a ge l 
46 Hara e t a l . repor ted the q u a n t i t a t i v e r e s o l u t i o n 
of syn and an t i forms of s t e r o i d a l ketoximes and t h e i r 
O-methyl de r iva t ives by s i l i c a gel column chromatography, 
Table ( I I ) records the phys ica l p roper t i e s of pure syn 
and an t i forms of oximes and 0-methyloximes of t e s t o -
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Abnormal Beckmann Rearrangements : 
A large number of examples have been accumulated 
where an oxime fragments, instead of rearranging to an 
amide or its derivatives. This type of reaction has 
been widely termed as the 'Second-order* Beckmann re-
arrangement, A representative example is that of benzoin 
oxime, whose anti isomer, fragments to benzonitrile and 
benzaldehyde whereas the syn isomer gives phenyl iso-
50 
cyan ide and benzaldehyde 
C^H5-C-CH(0H)C^H^ 
•> C.H^CN + CH^CHO 
HO 
'OH 
N > C.H^NC + C.Hp,CHO 
\ 6 5 6 5 
The r e a c t i o n i s common w i t h a-hydroxy and a - k e t o -
oxlmes . The fo rmat ion of l ac tam and u - c y a n o - o l e f i n 
from ketoximes under t h e Beckmann*s c o n d i t i o n s appears 










N f* N 
R=C iHo 
C CH, 
51 Shoppee e t a l . obse rved t h a t when A - n o r - 5 a - c h o l e s t a n -
l~one oxime (LIV) sub j ec t ed t o Beckmann c o n d i t i o n s , t h e r e 
was o b t a i n e d a mix ture of t h e l a c t a m , l - a z a - 5 a - c h o l e s t a n - 2 -





The formation of the unsaturated ketones (LVIIl) and 
(LIX) Was observed by Kobayashi et al. in the course of 
the reinvestigation of the reaction of cholestan-3~one 
oxime (LVII) with polyphosphoric acid. The following 
process, which involves fragmentation and recyclization, 







a , p - U n s a t u r a t e d Ketoximes y i e l d i s o x a z o l i n e s such as 




(Ph)2C=CH - C - Ph 
PCI 
^ > (Ph)2C:dCHC0NHPh 
E the r 
- ^ — - — > (Ph) 2 
(DC) 
The Schmidt Reac t ion : 
The a c i d - c a t a l y s e d r e a c t i o n of hydrogen a z i d e wi th 
ke tones and a ldehydes was d i s c o v e r e d in 1923 by K .F . 
53 Schmidt . The a c t i o n of hydrogens az ide i n e q u i m o l e -
c u l a r p r o p o r t i o n s on k e t o n e s , a ldehydes and c a r b o x y l i c 
a c i d s lead t o t h e fo rma t ion of amides, n i t r i l e s and amines , 











-> R-CN + RhJHCHO 
•> R-NH^ + CO2 + Ng 
The use of exces s of hydrogen az ide l e a d s t o t h e 
fo rma t ion of t e t r a z o l e s (LXl) , u reas (UCIl) and amino-
t e t r a z o l e ( L X I I I ) . 
2 HN. 





" I N N 
H^SO^ 









54 There i s a broad q u a l i t a t i v e o b s e r v a t i o n t h a t 
a l i p h a t i c k e t o n e s r e a c t more r e a d i l y than a l k y l a r y l 
k e t o n e s , which i n t u r n r e a c t more r e a d i l y t han b e n z o -
phenones* This i s i n t h e same o rde r as t h e b a s i c i t y of 
t h e Ccirbonyl g roups and a l s o t h e o rde r of ease of oxime 
o r hydrazone fo rmat ion 56 
210 : 
Mechanism 
57 O l ive r l -Manda l a proposed t h a t t h e i n i t i a l s t e p was 
a d d i t i o n of hydrogen az ide t o t h e ca rbony l group, p roduc-
ing on a z i d o h y d r i n (LXIV) which t h e n r e a r r a n g e d t o an 
amide wi th t h e l o s s of n i t r o g e n . 
R R OH 
C = 0 + HN3 -> C > R-CO-NHR* + N^ 
R« R • N3 
(LXIV) 
The O l ive r i -Manda l a p r o p o s a l has been e l a b o r a t e d i n t o 
54 58-61 
a mechanism i n modern terms * , which achieved e x p r e -
s s i o n in two s l i g h t l y d i f f e r i n g fo rms . Each assumes t h a t 
t h e i n i t i a l s t e p i s a d d i t i o n of hydrogen az ide t o t h e 
p r o t o n a t e d c a r b o n y l g roup . 
R R 
\ ~ \ + HN3 
C = 0 + HA —> C = OH ^ > 




R /OH ^0-H 
X ^—> R - C Eq. 1 
/ \ + ' 
R NH-N^ NH-R 
-H2O 
SK 
Step B H2O 
R 
C=N 
' \ + -N, 
^2 
^^^P ^ > R - C = NR Eq II 
2 
The interposition of the dehydration step B in Eq. II 
was promoted by the necessity for an intermediate that 
could account for the formation of tetrazoles when hydrogen 
azide is used in excess, and to account for the parallel 
between the ratios of isomeric amides produced from un-
symmetrical ketones by Schmidt reaction and by oximation 
plus Beckmann rearrangement. Amides once formed, do not 
react with hydrogen azide, so that tetrazoles obtained must 
arise from at an intermediate stage. Equation (ll) implies 
the possibility of geometrical isomerism of the interme-
diate iminodiazonium ion determining the products if trans 
migration applies in the Schmidt reaction as it does in the 
Beckmann rearrangement. 
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N = C - R" 
R - C - R' 
N2- N 
R - C = N - R' 
The impor tance of g e o m e t r i c a l isomerism as compared 
wi th e l e c t r o n i c a l l y determined m i g r a t i o n a p t i t u d e was 
demons t ra ted by Smith and Horuitz"*^. From a group of 
P - s u b s t i t u t e d benzophenone, m i x t u r e of i somer ic b e n z a n i -
l i d e s were ob ta ined in which t h e r a t i o s were ve ry c l o s e t o 
1:1 r e g a r d l e s s of t h e s u b s t i t u e n t s . 
E f f e c t s a t t r i b u t a b l e t o s t e r i c i n f l u e n c e on t h e 
r e l a t i v e s t a b i l i t i e s of t h e g e o m e t r i c a l l y i somer ic imino-
diazonium ions were observed i n t h e c a s e s of phenyl 
a l k y l k e t o n e s and the r e s u l t s t a b u l a t e d as below : 
-> 
(LXV) (DCVI) (LXVII) 
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TABLE-III 
R Compounds formed R a t i o 
CH3- A c e t a n i l i d e , N-Methylbenzamide 95 :5 
CH3-CH2- P r o p i o n a n i l i d e , N-Ethylbenzamide 85 :15 
(CH3)2CH- I s o b u t y l a n i l i d e , N- I sopropy l 51:49 
Benzamide 
K i n e t i c s tudy : 
The r a t e - d e t e r i . d n i n g s t e p f o r t h e r e l e a s e of n i t r o g e n 
might r e a s o n a b l y be the a d d i t i o n of HN3 ( S t e p A) , t h e dehy-
d r a t i o n of t h e az idohydr in (S tep B) , o r t h e r e a r r a n g e m e n t 
( s t e p C ) . With any one of them, t h e p o s i t i o n of e q u i l i -
brium of t h e i n i t i a l p r o t o n a t i o n of t h e c a r b o n y l group 
could e f f e c t t h e r a t e , so t h a t one might expec t (HN_), 
(R2CO) and (H"*") or t h e a c i d i t y f u n c t i o n , s o , t o appear i n 
t h e r a t e e x p r e s s i o n . In a d d i t i o n , t he n a t u r e of t h e d e -
h y d r a t i o n s t e p , which may be un imolecu la r as w r i t t e n o r , 
more p robab ly , may invo lve s o l v e n t and /o r more of t h e ac id 
c a t a l y s t , i s u n c e r t a i n . The only s t e p t h a t can be assumed 
t o be i n v e r s i b l e i s s t e p C, s o , Eq. I I can be w r i t t e n as a 
s e r i e s of e q u i l i b r i a . 
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R - C - R'=i=? R - CO - R* ^ 
/ \ 
HO N3 
R - C(OH) - R' 
V 
R - C ~ R' 
/ \ 
H^O -^ N3 
A 
B 
R-N=C-R' < R-C-R' 
C N 
\ + 
R - C - R ' 





N -> R-C=N-R' 
N2 N2 
(DCVIIIa) (LXVIIIb) 
By analogy wi th ox imat ion , which has been shown 
t o take place by s imilar s teps of addit ion and dehydra-
t i o n , s tep B i s probably slow and may be r a t e -de t e rmin ing . 
The pos i t ion of the e q u i l i b r i a of protonation and azide 
addi t ion ( s t e p A, or A2) w i l l vary with s t r u c t u r e and with 
the a c i d i t y ; the concentra t ion of the species supplied by 
k^ or Ag w i l l obviously ef fec t the r a t e of s t ep B if i t i s 
slower. The r e v e r s a l of s t ep B provides a path for e q u i -
l i b r a t i o n between the geometrical isomers (LXVIIIa) and 
(LXVIIIb). 
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If rearrangement ( s t ep C) i s f a s t e r than t h i s equ i -
l i b r a t i o n , then the r e l a t i v e population of (LXVIIIa) and 
(LXVIIIb) w i l l determine the product r a t i o s . The popula-
t i o n s of (LXVIIIa) and (LXVIIIb) are determined by the 
r e l a t i v e r a t e s of the two paths for step B, so c o r r e l a t i o n s 
of product r a t i o s with s t e r i c e f f ec t s must be considered 
in terms of the t r a n s i t i o n s t a t e for s tep B. In other 
words, the r a t i o would be k i n e t i c a l l y con t ro l l ed . 
Migratory ap t i tude : 
35 Huisgen et a l . have shown tha t in the Schmidt 
r e a c t i o n the mlnrat^rv ap t i t ude of groups i s s imi la r to 
t h a t found in the Beckmann rearrangement. The empirical 
r u l e t h a t appl ies here a l so i s t h a t the group with l a rges t 
bulk in the neighbourhood of the carbonyl group wjyj^ l 
migrate p r e f e r e n t i a l l y . 
CH 3 < C^H^ < (CH3)2CH < ( ^ 3 ) 3 0 -
Migration ratios in the Schmidt reactions on orthosub-
stituted benzophenones are tabulated below^*^*^^. 
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Ortho 
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A curious effect is found in the isomer ratios from a 
series of phenylalkyl methyl ketones, C^H^(CH2) COCH3. 













» 9 5 : 5 
= 1:1 
= 9 5 : 5 
= 8 0 : 2 0 






The members with n=4 and n=5 appear to continue this 
behaviour in decreasing magnitude . 
Secondary Reactions : 
Aldehydes all undergo fragmentation to nitrlles, 
although small to moderate amounts of formamides may be 
formed as well. The ratio of nitrile to formamide has 
been shown to vary with the acidity » higher acidity 
favours formamide formation. Fragmentation is very 
possibly a case of cis elimination in these reactions : 
R-N = CH < R-C-H > R-C=N + N^ + H^SO. 
II 2 2 4 i N 
\+ 
R-NH-CHO N, 
Barton et a l . found t h a t 3p-acetoxy-5a-andros tane-
11,17-dione (IXIX) gave the n i t r i l e (LXX) by the Schmidt 





69 Davies et a l . observed t h a t the Schmidt r e a c t i o n 
of a ,^ -unsa tura ted ketones (LXXI) may r e s u l t in t he for-








R-C-CH = CH^ > R-C-CH^-CH^-N-, > 
II 2 tl 2 2 3 ^ 
0 0 
(LXXI) 
H \ H 
R-CO-CH^-CH„ — > R-CO-C - C-H 
2 I 2 
H H 
R-CO-C - CH^ > R-CO-CO-CH-5 
„ 3 3 
N 
H H (LXXII) 
R = rlf CH<> y CH-^ —CHQ 
^iunsisiion 
The Beckmann rearrangement and the Schmidt reaction 
of steroidal ketoximes and ketones, respectively are the 
two facile and widely employed methods for insertion of 
nitrogen in steroidal carbon framework. The theoretical 
part of this chapter gives a restricted account of the 
two reactions. 
The purpose of this investigation was to extend the 
scope of these reactions in the preparation of hitherto 
unknown azasteroids. For the present studies of Beck-
mann rearrangement Schmidt reaction and retro-Beckmann 
rearrangement, easily accessible steroidal ketone and 
oxime i.e. 3a,5-cyclo-5a-cholestan-6-one and 3a,5-cyclo-
5a-cholestan-6-one oxime were prepared respectively and 
their structures were established by chemical and spectral 
methods. We proposed the mechanism in support of retro-
Beckmann rearrangeqaent. 
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The Beckmann Rearrangement of 3a, 5-cyclo-5a--cholestan--
6-one oxime (LXXV) : 6--Aza-3a, S-CYClo-B-homo-Sa-
cholestan-T-one (LXXVIII) : 
3a, 5-Cyclo-5a-cholestan-6-one (LXXIV) was prepared 
from 3^-chloro-5a-cholestan-6-one (LXXIIl) fol lowing 
71 
literature procedure . The oxime (LXXV) of the cyclo-
ketone (LXXIV) was obtained according to Wallis et al.^^ 









^ ^ ^ ^ ^ I H g S:OOH 
(DCXIX) (LXXXII) 
Our a t t e m p t s t o r e s o l v e t h e oxime (LXXV) by f r a c t i -
46 
onal c r y s t a l l i z a t i o n or by chromatographic t e c h n i q u e s 
gave no i n d i c a t i o n as t o t h e h e t e r o g e n e i t y of t h e oxime. 
The oxime (LXXV) i n l i g h t pe t ro leum e t h e r ( 1 : 1 ) s o l v e n t 
system gave one spot ( t . l . c ) . 
The oximes (XVII I )^^ , (LXXVl)^"^ and (LXXVIl)^^ have 
been shown t o t h e s i n g l e e n t i t i e s and i t was concluded 
t h a t t he hydroxyl group of t h e oxime f u n c t i o n so o r i e n t 
i t s e l f as to avoid a more s u b s t i t u t e d c a r b o n . On t h i s 
b a s i s i t i s r e a s o n a b l e t o assume t h a t t h e oxime of the 
ketone (LXXIV) would have t h e s t r u c t u r e (LXXVa). This 
assumption f i n d s suppor t from t h e f a c t t h a t when t h e oxime 
(LXXV) was s u b j e c t e d t o t h e Beckmann r e a r r a n g e m e n t 
(P-TSCl/Py fol lowed by chromatography over AljO^) , gave 
i n 7351S y i e l d a s i n g l e l ac tam, 6 -aza -3a ,5~cyc lo -B-homo-5a -
c h o l e s t a n - 7 - o n e (LXXVIIl), compat ib le with t h e oxime 
(LXXVa). The same lactam (LXXVIIl) was obtained when ketone 




The lac tam (LXXVIII), m .p . 200° , analysed c o r r e c t l y 
f o r C^yH^^NO. Formula t ion of t h e lactam as ( IXXVII l ) , 
r a t h e r t h a n i t s i somer , 7 - a z a - 3 a , 5 - c y c l o - B - h o m o - 5 a - c h o -
l e s t a n - 6 - o n e (LXXIX) was suppor t ed by s p e c t r a l p r o p e r t i e s . 
The IR spectrum of t h e l ac t am showed bands a t 3200, 
3080 (-NH), 3036 (cyc lopropane >C - C<)^^, 1670, 1658 
cm" (-C0-NH). The H-NMR spect rum of t h e lac tam e x h i b i t e d 
1 ft 
s i g n a l s a t d 6 .88s (-hH-CO; exchangeable wi th d e t t e r i u m ) . 
The sha rpnes s of t h e peak c l e a r l y i n d i c a t e d t h e absence of 
v i c i n a l p r o t o n / s about -NH, such as in (LXXVIII). The 
absence of v i n y l i c p ro ton s i g n a l s and the p re sence of com-
plex s i g n a l s i n t h e r e g i o n d 0 , 6 8 - 0 . 4 suppor ted t h e p r e sence 
77 
of cyc lopropane system in t h e l ac t am. F u r t h e r t h e C7a-
methylene p ro tons appeared c e n t r e d a t d 2 . 3 . In t h e i s o -
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meric s t r u c t u r e (LXXIX), the amino proton (-NH) would 
couple with C7a-protons, thus giving a 'complex* s igna ls 18 
i . e . a s i n g l e t would not t o be expected. From the IR and 
H-NMR spec t ra i t i s c l ea r tha t the cyclopropane system 
remained i n t a c t during the course of the r e a c t i o n . 
The presence of cyclopropane system was expected t o 
exert i t s in f luence on the r e a c t i v i t y and the behaviour 
of the lactam (LXXVIIl). This assumption was based upon 
the observat ion t h a t in the epimeric e s t e r s (LXX) and 
(LXXXI) the p o s i t i o n of C6-protons in H^-NMR spec t ra 
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The lactam (LXXIII) did indeed show a p e c u l i a r 
behaviour in the sense tha t i t underwent *Retro-Beckmann 
Rearrangement *. 
In an attempt to obtain the corresponding amino 
acid (LXXXII), or products derived from i t , t h e lactam 
(LXXVII I ) was hydrolysed with hydrobromic acid in cyc lo -
hexanone a f t e r heat ing for 5 hours on water ba th . The 
usual work up of the r eac t ion mixture followed by chro-
matography ( s i l i c a gel) gave the oxime (LXXV), the product 
of retro-Bee kmann rearrangement, the cycloketone (LXXIV) 
(major product ) , and 3p-bromo-5a-cholestan-6-one 
(LXXXIII)^^, an a r t e f a c t of the cycloketone (LXXIV). I t 
was experimental ly r ea l i zed tha t the oxime (LXXV) was 
r ead i ly converted t o the cycloketone (LXXIV) when gent ly 
Warmed with hydrobromic acid in cyclohexanone for about 1 
hour, on prolonged heat ing the cycloketone (LXXIV) was 
converted t o the bromoketone (LXXXIIl). Apparently, the 
change involved the sequence (LXXVIII) > (LXXV) > 
(LXXIV), t he same sequence as one would expect of r e t r o -
Beckmann rearrangement and deoximation were involved. 
In an another attempt the lactam (LXXVIII) was hydro-
lysed with hydrobromic acid in bo i l ing acetone for 8 h r s . 
226 
The usual work up of the r e a c t i o n mixture followed by 
chromatography ( s i l i c a gel) gave t h e oxime (LXXV), t he 
product of retro-Beckmann rearrangement, the c y c l o -
ketone (LXXIV) and 3p-bromo-5a-cholestan-6-one (LXXXIIl). 
80 Hi l l and Chortyk repor ted the f i r s t v i o l a t i o n of 
the r u l e of r e t e n t i o n of conf igura t ion , and the conse-
quent demonstration of an a l t e r n a t e mechanism for Beckmann 
rearrangement in s t rong acid, in the rearrangement of 
9 - ace ty l - c i s -deca l i n oxime (LXXXIV). 
NHCOCH. 
TsCl 







(LXXXV) (LXXXIV) (LXXXVI) 
The s te reo i somer iza t ion which occurs in t he deca ly l 
moiety during the conversion of (LXXXIV) t o (LXXXVI) • 
r equ i res the exis tence of an a l t e r n a t e mechanism for the 
Beckmann rearrangement, in add i t ion to t he well known 
81 82 s t e reospec i f i c process •^*°^, They proposed t h e pathway 
shown in Scheme-I, for the rearrangement in acid : (A) 
fragmentation of the protonated oxime into a c e t o n i t r i l e 
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and t h e 9-deca ly lcarboniu in ion (LXXXVII) a s t e p which 
f i n d s ample analogy i n t h e c l e a v a g e of a - t r i s u b s t i t u t e d 
oximes , and ( B ) r e c o m b i n a t i o n of t h e s e f r agmen t s i n a 
84 R i t t e r r e a c t i o n . 
SCHEME-I 
CH,-C=N/+/ /^ 






We applied the above p o s t u l a t e t o proposed t h e mechanism 












Freshly pur i f i ed th ionyl ch lo r ide (75 ml) was added 
gradually to cho l e s t e ro l (100 g) at room tempera ture . A 
vigorous r e a c t i o n ensued with the evolu t ion of gaseous 
product. When the r eac t ion slackened the mixture was 
gently heated at a temperature of 50-60° on a water bath 
for 1 hour, and then poured in to crushed i ce with s t i r r -
ing. The yellow so l id thus obtained was f i l t e r e d under 
suction and washed several times with ice-cooled water 
and a i r d r i e d . R e c r y s t a l l i z a t i o n from acetone gave 3p-
chlorocholes t -5-ene (95.5 g ) , m.p, 95-96° ( repor ted , 
m.p. 96-97°). I t gave p o s i t i v e B e i l s t e i n t e s t and a 
yellow colour with t e t r a nitromethane in chloroform. 
33~Chloro-6-ni t rocholest-5-ene : 
To a well s t i r r e d mixture of 3p-chlorocholes t -5-ene 
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(12 g ) , g l a c i a l acet ic acid (80 ml) and n i t r i c acid 
(25 ml, d, 1.52) at temperature below 20°, was added 
sodium n i t r i t e (3 .0 g) gradual ly over a period of 2 
hours. After the complete add i t ion of sodium n i t r i l e , 
the mixture was fur ther s t i r r e d f o r about 1 hour i c e -
cooled water (200 ml) was added and the yellowish so l id 
thus separa ted , was f i l t e r e d and a i r - d r i e d . The desired 
product was r e c r y s t a l l i z e d from methanol as needles 
(8 .3 g ) , m.p. 151-152° (reported®*^, ra.p. 153°) . 
36-Chloro-5a-cholestan-6-one (LXXIl) : 
To a so lu t i on of 3p -ch lo ro -6 -n i t rocho le s t -5 -ene 
(12 g) in hot g l a c i a l ace t ic acid (240 ml) , zinc dust 
(24 g) was added gradually in small por t ions with 
shaking. The suspension was heated under ref lux for 
4 hours and water (24 ml) was added at r egu la r invervals 
during the course of hea t ing . The hot so lu t i on was 
f i l t e r e d and the f i l t r a t e was cooled to room tempera-
ture followed by d i l u t i o n with l a rge excess of i c e -
cooled water . The organic matter was ex t rac ted with 
ether and the e the rea l so lu t ion was washed with water, 
sodium bicarbonate so lu t ion (5?^) and dr ied (anhydrous 
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sodiuiTi s u l p h a t e ) . Evaporation of the solvent furnished 
(LXXIII) as an o i l which c r y s t a l l i z e d from methanol 
(8.7 g ) , m.p. 128-129° (reported^^, m.p. 129°) . 
3a,5-Cyclo-5a~cholestan-6-one (LXXIV) : 
A mixture of 3p-chloro-5a-cholestan-6-one (LXXIII)(5.0 
g) and methanolic potash (75 ml; conta in ing 3.7 g of 
KOH) was heated under reflux for 1 hour and the r e a c -
t ion mixture was poured in to water . I t was ex t rac ted 
with e ther and the e therea l so lu t ion was washed with 
water, d i l u t e hydrochloric acid and water and dr ied 
(anhydrous sodium su lpha te ) . Removal of the solvent 
gave the cycloketone (LXXIV) which was c r y s t a l l i z e d from 
methanol (3 .5 g ) , m.p. 96-97° (reported , m.p. 97° ) , 
3a.5-Cvclo-^a~cholestan-6-one oxime (LXXV) : 
To a so lu t ion of 3a ,5-cyclo-5a-choles tan-6-one 
(LXXIV) (2 .0 g) in ethanol (180 ml) was added hydroxyl-
arnin* hydrochloride (2.0 g) and sodium a c e t a t e t r i -
hydrate (3 ,0 g) and the mixture was heated under reflux 
for 2 hours. The excess of the alcohol was removed under 
reduced pressure and the res idue d i lu ted with water. 
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The crude oximes was f i l t e r e d , washed thoroughly with 
water and a i r - d r i e d . The pure oxime (LXXV) was obtained 
on c r y s t a l l i z a t i o n from methanol as small l e a f l e t s 
(1 .7 g ) , m.p. 143-144° (reported'^^, m.p. 143-144°). 
Attempted separa t ion of svn and an t i isomers of the 
oxime (LXXV) : 
The oxime (DCXV) (l .O g) was dissolved in l i g h t 
petroleum - benzene mixture and then subjected t o 
chromatography over a column of s i l i c a gel (25 g, each 
f r ac t ion of 10 ml was taken; , The e lua tes from 
benzene-ether (1:1) furnished the oxime (LXXV). T.L.C. 
of d i f f e ren t f r ac t i on were s epa ra t e ly run in l i g h t 
petroleum - e ther solvent system ( l : l ) and i t was found 
t h a t invar iab ly a s ingle spot was obtained for a l l the 
f rac t ions with the same Rf va lue . 
The Beckmann rearrangement of 3a .5~cvclo-5a-choles ' an-
6-one oxime (LXXV) t 6-Aza-3a.5-cyclo-B-homo-5a-
choles tan-7-one (LXXVIII) : 
To a so lu t ion of 3a ,5-cyclo-5a-choles tan-6-one oxime 
(LXXV) (1.3 g) in pyridine (13 ml, f reshly d i s t i l l e d 
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over KOH) was added P-toluene sulphonyl ch lor ide (1 ,3 g) 
and the r e a c t i o n mixture was allowed t o stand at room 
temperature (15-18°) for 15 hours . I t was poured in to 
crushed ice-water mixture and extracted with e t h e r . The 
eth«r ex t rac t was washed with water, d i l u t e sulphuric 
acid, sodium bicarbonate so lu t ion (53 )^ and water and 
dr ied (anhydrous sodium s u l p h a t e ) . Removal of the s o l -
vent provided an o i l (1.2 g ) . The crude mate r i a l in 
l i g h t petroleum - benzene was allowed to stand over a 
column of neu t ra l alumina (30 g; each f r ac t ion of 15 ml 
Was taken) for about 1 hour. Elut ion with benzene -
ether (4:1 and 1:1) gave the lactam (LXXVIII), r e c r y -
s t a l l i z e d from l i gh t petroleum (0,95 g ) , m.p. 198-200°, 
[a]21 + 70° . 
Analysis found : C, 81.6; H, 11,53; N, 3,7 
C27H45NO requ i r e s : C, 81,2; H, 11,27; N, 3,5%. 
IR : 5^ j^^^ 3200, 3080 (-NH), 3036 
(>C -^C<)'^^, 1670, 1658 cm"^ (-CO-NH). 
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^H-NMR : d 6.88 s(-N|j[-CX); exchangeable with deutericun)^®, 
2.3 unresolved (CTa-Hj), 1.02 (CIO-CH3), 0.71 
(CI3-CH3), 0.92, 0.84 (other methyl protons), 
0.68-0.4 complex (cyclopropyl protons) 
The Schmidt reac t ion of 3a.5-cvclo-5a- 'Cholestan~6-one (LXXIV): 
6'-Aza-3a.5-cvclo-B-homo-5a-choles-|:an~7-one (LXXVIII) : 
To a so lu t ion of 3a ,5-cyc lo-5a-choles tan-6-one (LXIV) 
(1 .0 g) and sulphuric acid (1.2 ml) in sodium dr ied benzene 
(7 ml), sodium azide (240 mg) was added slowly with s t i r r i n g v 
at room temperature . A br isk reac t ion ensued and a f te r one 
hour the reac t ion mixture was poured i n t o crushed ice-water 
mixture . The benzene layer was separated and the aqueous 
in 
layer was extracted with chloroform. After usual work up of 
the organic extracts, a solid (275 mg) was obtained which 
was chromatographed over neutral alumina. Elution with 
chloroform gave 6-aza-3a,5-cyclo-B-homo-5a-cholestan-7-one 
(LXXVIII), which was recrystallized from light petroleum 
(100 mg). The compound (LXXVIII), m.p. 198-200° was analysed 
for 02yH.^NO and was found identical (m.p., m.m.p. and t.l.c.) 
with authentic sample of lactam (LXXVIII) prepared through 
Beckmann rearrangement. 
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Attempted aclcl--catalvsecl hvdrolvs ls of the lactam (LXXVIII) : 
A mixture of t he lactam (LXXVIII) (0 .5 g ) , hydrobromic 
acid (5 .0 ml, 48%) and cyclohexanone (25 ml) was heated on 
a water bath for 5 hours . Cyclohexanone was taken out at 
reduce p res su re . The reac t ion mixture was poured in to i c e -
cooled Water and ext rac ted with e t h e r . The e t h e r e a l layer 
Was washed with water , sodium bicarbonate so lu t ion (5%) and 
f i n a l l y with water and dried (anhydrous sodium s u l p h a t e ) . 
Removal of the solvent gave an o i l which was chromatographed 
over neutra l alumina (lO g, each f r ac t i on of 10 ml was taken) . 
Elution with l i g h t petroleum - e the r (4:1) gave 3a ,5 -cyc lo -
5a-cholestan-6-one (LXXIV), which was c r y s t a l l i z e d from me-
thanol (160 mg), m.p. and mixed m.p. , 95-96°, along with an 
o i l (80 mg), which was rechromatographed over s i l i c a gel 
(2 .0 g, each f r a c t i o n of 5 ml was t a k e n ) . Elut ion with l i g h t 
petroleum - e the r (4 :1) gave 3p-bromo-5a-cholestan-6~one 
(LXXVIII) (30 mg), m.p. and mixed m.p.^^, 126-127°. Further 
e lu t ion with l i g h t petroleum - e ther (2:1) gave 3a ,5 -cyc lo -
5a-cholestan-6-one oxlme (LXXV) (20 mg), m.p. and mixed 
m.p.^^, 142-144°. 
In another attempt a mixture of the lactam (LXXVIII) 
(0 ,5 g) hydrobromic acid (5 ,0 ml, 48?S) and acetone (25 ml) 
t 235a t 
was heated under ref lux on a water bath for 8 hours . The 
r eac t ion mixture was poured i n to ice-cooled water and ex-
t r ac t ed with e t h e r . The e the rea l l ayer was washed with 
water , sodium bicarbonate so lu t ion ib%) and f i n a l l y with 
water and dr ied (anhydrous sodium s u l p h a t e ) . Removal of the 
solvent gave an o i l . Which was chromatographed over s i l i c a 
ge l (10,0 g, each f rac t ion of 10 ml was t a k e n ) . Elut ion 
with l igh t petroleum - e ther (4 :1) gave 3a ,5 -cyc lo -5a -
cholestan-6-one (LXXIV) (140 mg) along with an o i l (90 mg) 
which was rechromatographed over s i l i c a g e l . Elut ion with 
l i g h t petroleum - e ther ( 4 : l ) afforded 3p-bromo-5a-cholestan-
6-one (LXXVIII) (25 mg). Further e l u t i o n with l i g h t p e t r o -
leum - ether ( 2 : l ) gave 3a ,5-cyc lo-5a-choles tan-6-one oxime 
(LXXV) (20 mg). 
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Chapter 5 




Mass spectrometry, as the name suggests, is a 
method of determining mass, or more specifically, it 
ascertains the mass to charge ratios (m/z) of gaseous 
ions. The extensive application of mass spectrometry 
in organic chemistry only began around I960. There 
has been a great increase in the use of this physical 
method since that time. There are two main reasons for 
the burst of activity in this field. First, it is now 
generally appreciated by organic chemists that there 
are a number of instruments available which are able to 
volatilize the vast majority of organic compounds in 
which they are interested to ionize the vapour, and 
hence to record the molecular weight by measurement of 
the mass to charge ratio (m/z value). Second, it is also 
appreciated that the molecular ion, formed as described 
above, breaks down into charged fragments whose struc-
tures (as deduced from their m/z values) can be related 
to the structure of the intact molecule. 
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H. Budzikiewicz et a l . s tudied ef fec t of s u b s t i t u -
2 
t i o n on the course of fragmentation by Zi>. - s t e r o i d s . 
/^ -5a-Androsten-17-one ( l ) y i e ld s as an important frag-






By contrast, such a species was negligible in 
Z::>^  -Lanostene (ll). Instead, ionized dimethylbutadiene 
(b) was formed, C-4 now being quaternary as well as 
allylic. This example showed how important it was for 
structural purpose to had some 'mechanistic' insight into 




(b) m/z 82 
The diterpenoid (ill) gave preferentially (C) and 
then the ionized ion fragment. 
(Ill) R = CO2CH3 (c) m/z 236 
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But the situation was reversed in grindelene (IV), 
since stabilization of the charge by participation of 
the electrons on oxygen in the primary cleavage product 
(d) resulted in the ionized diene. 
(IV) (d) m/z 124 
The fragmentation of cholestan-3a-ol (V) shows the 
2 
el iminat ion of water followed by the loss of an angular 
methyl group. In t h i s case l o s s of water I s represented 








(V) m/z 373 m/z 355 
250 : 
3 4 This result is in accord with expectation * , 
since 1,4-elimination is impossible and 1,3-elimination 
is ideally set up between the axial 3a-hydroxy group 
and the la- and 5a-hydrogen atoms. This is not true 
for the 3p-alcohol (Vl), where only in the boat form of 
ring A can the oxygen atom approach the ip-(rather than 




The mass spectrum of cyclohexanone (VIl) has been 
5 
s tudied by both high r e so lu t ion and deuterium l a b e l l i n g 
: 251 
A 7 
techniques ' . The shifts of the base peak m/z 55 by 1 
and 2 mass units and retention at m/z 55 respectively 
in the spectrum establish that this fragment (C-jH^ O ) 
corresponds to (e). Either concerted or stepwise modes 
















The fragment ion peak m/z 42 may r e s u l t by the 





Lactones of genera l formula (VII l ) and (IX) ( i n 
which R i s a sa turated a lky l group), the most important, 
peaks , were a r i s e because of c leavage adjacent to oxygen 
t o g ive m/z 85 (g) and m/z 99 (h) from Y- and d - l a c t o n e s . 





(g) m/z 85 
-R 
^ 
^ 0 - ^ 
(IX) (h) m/z 99 
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In add i t ion , the pa i r of peaks at m/z 70 and 71, 
together with t h e s trong peak at m/z 42, were t y p i c a l 
of d- ' lactones, the peaks were probably due t o hydro-
carbon ions , the m/z 70/71 pair perhaps a r i s i n g by the 
loss of CHO and CO from m/z 99, butyrolac tone (VIII , 
R=H) , 5-valerolactone (IX, R=H) and t h e i r r e s p e c t i v e methyl 
analogues (VIII and IX, R=CH2). This mode of de -
composition, a t t r i b u t e d to the l o s s of carbondioxide , 
Was in s ign i f i can t for lactones of more than 7 or 8 
9 Carbon atoms . 
The most common fea ture of the mass spectrum of the 
Santonins (X) was associated with an abundant M-73 ion. 
11 12 I t Was a r i s e from the expulsion of C^ H^ O^^  * . Hence 
el iminat ion of the y- lactone r ing occured in a s soc ia -
t i on with one add i t iona l hydrogen atom. The process may 
be formulated as (X) >(K)which was t r i gge red by 
removal of one of the n -e lec t rons from the 4-5 double 
bond. 
u*<r™ 
(X) (K) m/z 173 
Bt!B(tttlB()B(tOn 
Several papers dealing with the mass spec t r a l s tud ies 
of s t e r o i d a l compounds containing groups such >C=C<, -NO-t 
O 
>C=aC-C, OH/COOMe and p- lac tone moiety have been reported 
from our l abo ra to ry . I t prompted us to examine the mass 
spec t ra of seve ra l s t r u c t u r a l l y r e l a t e d s t e r o i d a l compounds 
of pregnenolone s e r i e s and 3^,17^-diacetoxy-5a-androstan-6-
one as an attempt to e s t ab l i sh s p e c t r a s t ruc tu re r e l a t i o n -
s h i p . The compounds included in t h e study are 3p-hydroxy-
pregn-5"en-20-one (XI), 3p-acetoxypregn-5-en-20~one (XIl ) , 
3P"hydroxy-5a-pregnane-6,20-dione ( X I I l ) , 3^-acetoxy-5a-
pregnane-6, 20-dione (XIV), 3p, 17^-diacetoxy-5a--androstan-
6-one (XV), 3p-acetoxypregn-5-en-7,20-dione (XVl), 3p,20p-
dihydrQXypregn-5~ene (XVII), 3p-acetoxy-5P~h; iroxy-B-nor-
pregnan-20-one-6-oic acid 5 ,6- lac tone (XVIII) and methyl 
B--norpregnan-3p, 5p-dihydroxy-20-one-6-oate (XIX). These 
compounds are s t r u c t u r a l l y very c lo se t o each o t h e r . I t 
was an t i c ipa ted t h a t they w i l l fol low s imilar fragmentation 
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p a t t e r n thus o f f e r i n g a simple and e f f e c t i v e method of 
t h e i r c h a r a c t e r i z a t i o n by mass s p e c t r o m e t r y . I t i s g r a t i -
fy ing t o note t h a t t h i s indeed seems t o be t h e c a s e . 
The suggested f r agmen ta t ion pathways ge t s u p p o r t 
from t h e composi t ion of impor tan t i o n s . However, i n t h e 
absence of mass s p e c t r a of a p p r o p r i a t e d e u t e r a t e d ana logues 
t h e suggested mechanism of f r a g m e n t a t i o n remain t e n t a t i v e , 
though s u b s t i t u e n t s i n some c a s e s compensate t h i s d e f i c i -
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I n t h e f i r s t two compounds (XI - XI I ) on ly t h e mass 
spectrum of 3^-hycl roxypregn-5-en-20-one (XI) has been 
d i s c u s s e d i n d e t a i l and t h i s may be cons ide red as t h e 
r e p r e s e n t a t i v e model f o r t h e 3 p - a c e t o x y p r e g n - 5 - e n - 2 0 - o n e 
( X I I ) . 
Mass s p e c t r a l s t u d i e s of 30-hYdroxvpreqn--5--en-2O-one 
(XI > : 
The mass spectrum of 3^ -hydroxypregn-5 -en -20-one 
(XI) ( F i g . l a ) gave a very prominent molecu la r ion peak 
us ing mode CI a t m/z 316 (C2iH2202^* Other s i g n i f i c a n t 
ion peaks were observed using mode EI ( F i g . l b ) a t m/z 
298 (Mt - H2O), 283 (Nit - 33 , C2QH27O), 255 iC^gHr^j), 213 
^^16^21^ ' 193 (C^3H2JLO) , 161 (C^^H^30), 159 (C^^H^iO)* 
147 (C^^H^^), 145 (Ci iH^3) , 131 ( C ; L O " I 1 ^ ' ^^9 ( C ^ Q H ^ ) , 
117 (C^^H^), 107 (CgHj^^), 105 (CgH^), 91 (C^H^), 79 (C^H^), 
77 (C,Hp^) and lower mass peaks . The f r agmen ta t i on l e a d -
ing t o t h e fo rmat ion of i n t e r e s t i n g and impor tan t ions 
have been sugges ted i n tho fo l lowing schemes. 
m/z 298 (Mt - H2O) and m/z 255 : 
The fragment ion m/z 298 r e p r e s e n t s t h e l o s s of a 
molecule of wate r from t h e molecu la r ion and i t s compos i t ion , 
: 258 X 
C ^ I H - Q O , s u p p o r t s t h i s assumpt ion . The l o s s of water 
mo lecu le can be c o n v e n i e n t l y shown by i n v o l v i n g an a p p r o -
p r i a t e hydrogen, p r e f e r a b l y from r e l a t i v e p o s i t i o n 4 from 
OH 2,3 However, i n t h i s case i t i s r e a s o n a b l e t o assume 
t h a t t h e l o s s occurs by 1.2 e l i m i n a t i o n . Thus g i v i n g r i s e 
t o a more conjuga ted s p e c i e s ( s c h e m e - l ) . 
SCHEME-1 
(XI) m/z 316 (Mt) 
m/z 255 
Loss of s i d e cha in i s of r e g u l a r occur rence in t h e 
mass s p e c t r a of s t e r o i d a l compounds. In t h e p r e s e n t case 
l o s s of CH^-S occurs from ion m/z 298 as shown above . 
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m/z 283 (m/z 298-CH3, C^QH^QO) i 
The fragment i o n m/z 283 co r r e sponds t o t h e l o s s of 
mass un i t 33 , from t h e molecular i o n , which i s b e s t 
regarded as t h e l o s s of H^O and CHo from molecu l a r i o n . 
m/z 213 (026^21^ ' 
The fragment ion m/z 213 corresponds to the loss of 
mass unit 85 from m/z 298, which can be suggested to arise 





m/z 193 (Cj^ gH^^^O) : 
The f ragmenta t ion ion m/z 193 r e s u l t s by t h e l o s s of 
mass u n i t 105 (CgH^) from m/z 298 (Cgj^H^QO). The mode 
of f r agmen ta t i on can be shown acco rd ing t o scheme-3. 
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m/z 161 (CiiH^30) : 
The fragment ion m/z 161 occurs by the loss of 
^10^17 ^^°^ ^^^ '^® ^^21^30^^' ^^^* ^^^ ''^®®" shown 





m/z 159 (C;^ iH^ j^ O) : 
The formation of this ion m/z 159 can be shown 






m/z 147 (CjjHj^ : 







(Xl-a) m/z 147 
m/z 145 and 143 : 
Apparently the fragment ion m/z 145 (Cnj^ H,^ ) occurs 
by the loss of mass unit 153 (^10^17^^ from m/z 298. 




(Xl -a ) m/z 145* m/z 143 
Subsequent ly t h e l o s s of two hydrogen atoms from 
/ z 145 g ives the ion m/z 143 (Cj^j^H^j^). 
m/z 131. 130 and 129 : 
The formation of the ion m/z 131 (C,QH,,) can be shown 
to occur in more than one way. One of the possibilities is 
shown in scheme-8. 
SCHEMERS 
(Xl-a) •»/z 131 
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A weak peak observed at m/z 130 is due to formation 
of an unstable ion which provides <n/z 129, 
(Xl-a) m/z 130 m/z 129 
m/z 117 (C^H^) : 
The fragment ion peak at m/z 117 constitutes a 
sharp peak of the spectrum, which apparently results 
from McLafferty rearrangement involving C^g-keto 
function and an appropriate Y-hydrogen from C,-. In 
the absence of appropriate deuterated analogue, the 
relative contribution of hydrogen could not be assert-
ained. The genesis of their fragment ion can be shown 
according to scheme--9. 








m/2 107 (CQH^.^) : 




( X l - a ) m/z 107 
m/z 105 and 79 : 
Th i s fragment ion peak i s f a i r l y s t r o n g anct t h i s i s 
hydrocarbon s p e c i e s as r e v e a l e d by a c c u r a t e mass measure-
ment (CgH^). The i on peak m/z 105 a r i s e due t o t h e l o s s 
of s i d e cha in D, C and p a r t of r i n g B as shown i n t h e 








The ion peak m/z 79 may arise due to the loss of 
acetylene from m/z 105, is supported by its composition 
(C^H^). 
m/z 91 and 77 : 
The ion peak at m/z 91 constitutes the base peak of 
: 269 : 
t h e spectrum and seems t o be c o n s i d e r a b l e d i a g n o s t i c va lue . 
The format ion of t h i s fragment ion can be shown by t h e 
l o s s of s i d e cha in D, C p a r t of r i n g B and an a n g u l a r 
methy l group p r e s e n t a t C , Q from t h e ion m/z 298, and i t s 






m/z 91 m/z 77 
X:^.i;sua:}.uT aAf^^TaU 
o o 
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The fragment ion peak a t m/z 77 i s very i n t e n s e and a c c u -
r a t e mass measurement showed t h a t i t s compos i t ion i s C^H^, 
This i s obta ined by t h e l o s s of -CH^ from t h e b a s e peak 
m/z 9 1 , 
Mass s p e c t r a l s tudy of 33-aceIP_xYP^-'ggn-5-en-20-one ( XXX) 
The mass spectrum of 3p -ace toxypregn-5 -en -20~one ( X I l ) 
( F i g . 2a) g ives mo lecu la r ion peak u s i n g mode CI 
a t m/z 359. Other s i g n i f i c a n t ion peaks were obse rved 
us ing mode EI ( F i g . 2b) a t m/z 298 (Mt -CH3COOH, C^^H^JD), 
283 (C2QH27O), 255 (C^^H^y). 213 (C^^H^^), 193 (C^3H2^0), 
161 ( C ; L I " I 3 ^ ^ » ^ ^ ' (C^^H^j^0),,l47 ( C ^ J ^ ^ ^ P , ) , 145 (Cj^j^H^g), 
131 (C^QHJL^), 129 ( C ^ Q H ^ ) , 117 (C^H^), 107 (CgH^^j^), 105 
(CgH^), 91 (C^H^), 79 (C^H^), 77 (C^H^) and lower mass 
p e a k s . 
m/z 298 (Mt - CH3COOH) : 
The fragment ion peak a t m/z 298 c o n s t i t u t e s t h e 
b a s e peak of t h e spect rum and seems t o be of c o n s i d e r a b l e 
d i a g n o s t i c v a l u e . The ions m/z 298 co r r e sponds t o t h e 
l o s s of a c e t i c acid from t h e molecu la r compos i t i on 
(C23H34O3) . The compos i t ion C2JLH3QO, i s s u p p o r t e d by 
a c c u r a t e mass measurement, as shown in t h e f o l l o w i n g 
scheme-13. 
X^fsus^uT aAf^Bieu 
















(Xl l -a ) 
In these two compounds (XIII-XIV) ) only the mass 
spectrum of 3p-hyclroxy-5a-pregnane-6,20-dione (XIII ) h i s 
been discussed in d e t a i l and t h i s may be considered as 
the r ep re sen ta t i ve model for i t s de r iva t ive 3p~acetoxy~ 
5a-pregnane-6,20-dione (XIV). 
Mass spec t ra l study of 3g-hvdroxy-5a-preanane~6.20-dione 
(XIII) : 
In the mass . spectrum of 3p-hydroxy~5a-pre-
gnane-6,20-dione (XIII) (p ig . 3) molecular ion peak i s not 
observed, but a very prominent ion peak at m/z 314 (99.86?^), 
very c lose to base peak i s observed. I t i s due t o t he loss 
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of Water molecule from parent compound. Other significant 
ions peaks were observed at m/z 299 (m/z SIA-CH^, ^90^27^2^' 
286 (m/z 314-CO, C20H3OO), 207 (Cj^^H230), 107 (CgH^j^), 94 
(C^HJ^Q), 91 (C^H^) and 79 (C^H^). The fragmentation lead-
ing to the formation of the above ion peaks have been 
suggested in the following schemes. 
m/z 314 (C2J^^H3Q02) : 
The fragment ion m/z 314 rep resen t s the loss of a 
molecule of water from the molecular composition (C„,H,j^C ) 
and i t s composition, ^21^30^2 ^^ supported by accurate 
mass measurement. The genesis of t h i s fragment ion can be 
shown according to schemo-14. 
SCHEMErl4 
(XIII) (Xlll-a) 
J 273 : 
m/z 299 (C2oH2702^ • 
The ion peak examined a t m/z 299 i s base peak and i t 
i s due t o t h e l o s s of an angu la r methyl from t h e fragment 
i on m/z 314. The fo rmat ion of t h i s ion i s expec ted on t h e 
b a s i s of a - c l e a v a g e as observed i n o t h e r k e t o n e s * as 
shown in scheme-15. 
SCHEME-15 
: 274 : 
The ion peak examined at m/z 286 is due to the loss 
of carbon monoxide from the fragment ion m/z 314, because 
this loss is common occurrence in cyclic or open chain 
18 ketones , The composition C2QH2QO also confirms the 





This fragment ion can be shown to arise according to 
scheme-17, which may result by hydrocarbon-directed frag-








X 276 : 
m/z 107 : 
The fragment i on peak examined a t m/z 107 i s due t o 
t h e l o s s of r i n g D, C and p a r t of r i n g B as shown a c c o r d -




m/z 94 : 
The g e n e s i s of a very s h a r p f r a g m e n t a t i o n ion peak 
observed a t m/z 94 may be e x p l a i n due t o comple te l o s s 
of r i n g B, C and D. Mechanism proposed f o r t h i s fragmenta-
t i o n i s in scheme-19. 
SCHEME~19 
(XII I~a) 






m/z 91 : 
The ion peak examined a t m/z 91 i s due t o t h e l o s s 
of r i n g D, C and a p a r t of r i n g B and an angu la r methy l 
group p resen t a t CSQ i s s u b s t i t u t e d by an a p p r o p r i a t e 
hydrogen p r e s e n t a t C , . I t s compos i t ion , C^Hy, i s suppor-




m / z 79: 
A sharp peak f o r t h e fragment ion m/z 79 (CgHy) a r i s e s 
from t h e l o s s of r i n g B, C and D and an angu l a r methyl 
group p r e s e n t a t CJ^Q. There a r e two p o s s i b i l i t i e s fo r t h e 
g e n e s i s of t h i s f r a g m e n t a t i o n i o n . In t h e f i r s t c a s e t h e 
c leavage of v i n y l i c bond occurs which i s pe rhaps not f a v o -
u r a b l e as shown i n scheme-21 . 
SCHEME-21 
m/z 79 
: 280 : 
Relat ive abundance of ion peak m/z 79 r u l e s out the 
cleavage of v i n y l i c bond. Therefore, second case i s more 
favourable in which 1,2 sh i f t of hydrogen takes place 
before undergoing d i s soc i a t ion of r i n g B, C and D as 
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Mass spec t r a l study of 3g-acetoxy-5a-preqnane-6,20-dlone 
(xiv; : 
The mass spectrum of (XIV ) (Fig. 4) gives a pro-
minent ion peak at m/z 314 (C2IH2QO„^ 100^., base 
peak). The composition C^nH^gO^ reveals that it is due 
to the loss of CH^COOH from molecular ion C^:23^ 34^ 4''' 
Other significant peaks obtained are m/z 299 (m/z 314-
CH3), 286 (m/z 314-CO, C2QH3QO), 105 (CgH^), 94 (C^H^Q), 
91 (C-^ H-,), 79 (C^H^), 77 (C^H^). Disociation leading to 
the formation of base ion peak i.e. m/z 314, and ion 
peak m/z 10b have been suggested in the following 
schemes and remaining ion peaks follow the same fragmenta-
tion pattern as shown for the compound (XIIl). 
m/z 314 : 
This fragment ion represents the loss of ace t i c 
acid from molecular ion, - which i s a common occurrence 
as shown according t o scheme-22. 




(XIV) m / z 314 (XlV-a) 
This fragment ions can be shown to a r i se according 
t o scheme-23, which r e s u l t s by the loss of r ing D, C and 
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Mass s p e c t r a l s tudy of 3 g . l y g - d i a c e t o x y - S a - a n d r o s t a n -
6-one m i i 
In t h e mass spectrum of 3 ^ , 1 7 ^ - d i a c e t o x y - 5 a - a n d r o -
s t a n - 6 - o n e (XV) ( F i g . 5) mo lecu l a r ion peak i s not 
obse rved , but a weak ion peak i s found a t m/z 348 
^^23^32^4^ due t o l o s s of k e t e n e (CH2=C==^ 0) from molecu la r 
compos i t ion , C^oH^^Op^. 
A very prominent ion peak m/z 330 i s examined which 
i s base peak and due t o t h e l o s s of a c e t i c ac id from t h e 
molecu la r composi t ion (C^2^'34^5^» followed by o t h e r s i g -
n i f i c a n t peaks a t m/z 31b (m/z 33O-CH3, C2QH27O2), 225 
(m/z 3I5-CH3COOH, CjLgH230), 207 (Cj^gH^^^O^), 94 (C^H^^Q) , 
93 (CyH^), 79 (C.Hy) and lower mass peaks . The forma-
t i o n of some of t h e fragment i o n s has been r a t i o n a l i z e d 
acco rd ing to schemes given below : 
m/z 348; 
The genesis of ion peak m/z 348, C2j^H2204 can be 
explained by the loss of ketene {,CH^=C=0) from mole-
cular composition, ^23^12^0^. There are three possibi-





m/z 330 : 
The fragment ion peak m/z 330 iC^yH^JD^) constitutes 
the base peak is examined due to the loss of CHoCOOH from 








m /z 315 : 
The ion peak m/z 315 corresponds to the loss of 
angular methyl group from m/z 330. 
m/z 255 : 
The fragment ion peak m/z 255 results due to the loss 
287 
of mass uni t 60 from ion peak m/z 315. I t may r e s u l t 
a f t e r l o s s of CH3COOH. Composi t ion C^gH^gO conf i rms 
t h i s as given in scheme-25. 
SCHEME-25 
m/z 255 
: 288 : 
m/z 207 : 
The fo rmat ion of ion peak m/z 207, Cj^ o^ ^^ O^^  may be 
explained by t h e l o s s of r i n g A and some p a r t of r i n g 













m/z 94. 93 and 79 : 
These t h r e e fragment ions can be shown t o a r i s e due 
t o comple te d i s s o c i a t i o n of r i n g B, C and D in t h e manner 




The ion m/z 93 may result by the loss of one 











The fragment ion m/z 79, C^H^ corresponds to loss 
of -CH^ from m/z 93. 
m/z 93 m /z 79 
M.as s__s p^ cc^ t,raA„.J.t uclY of _ 30-^etoxy P'l'.eqn,- 5-::§Ilr7.* ^ P~ ^  i Q.n€* 
The mass spectrum of 3p-acetoxypregn-5--en--7,20-dlone 
(XVl) (fig. 6) gave a very prominent ion peak at m/z 31?, 
C^iH gO^, after dissociation of acetic acid from molecular 
formula ^n2^'k':pA* Other significant ions peaks were exa-
mined at m/z 279 (m/z 312--CH3 and H2O, C2oH23C>)» 227 (m/z 
0 
312, -CH3-C-CH2-CH2-CH2, Cj^ H^j^ ^^ ), 213 (Cj^^Hj^^O), 185 
(Cj^3H^30), 173 (C^2"l3°^' ^^^ (^n"l3°^' ^^0 (C^3^H^2^^' 
159 (C^^H^^O), 134 (C^HJ^QO), 105 (CQH^^), 91 (C^H^), 79 
(C^Hy), 77 (C,Hp^) and lower mass peaks. The formation of 
some of the salient fragment ions can be shown to arise 
accrding to schemes given below. 
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m/z 312 : 
A very prominent ion peak of a high abundance a f t e r 
base peak i s observed a t m/z 312 due t o t h e l o s s of a c e -










A sharp ion peak m/z 279 r e p r e s e n t s t h e s imu l t aneous 
l o s s of an angu la r methyl group and a wate r molecu le from 
m/z 312 . These l o s s e s are of common occur rence i n c y c l i c 
18 
or open cha in k e t o n e s . The fo rma t ion of fragment ion 








m/z 227 : 
The fragment ion m/z 227 c o r r e s p o n d s t o t h e l o s s of 
0 
II 
CH^-C-CH^-CH^-CH^ from m/z 3 1 2 . I t may r e s u l t due t o 





m/z 213 : 
The ion m/z 213 represents the loss of mass unit 99 
from m/z 312. This fragment ion may result by hydrocarbon-
directed cleavage at the cost of carbonyl-directed frag-





; 295 t 
m/z 185 : 
The f o r m a t i o n of fragment ion m/z 185 can be sugges-
ted by t h e l o s s of r i n g D and a p a r t of r i n g C from the 
ion m/z 312. The a c c u r a t e mass measurement showed t h e 






m/z 173 : 
The formation of this ion has been suggested to occur 
according to scheme-32. 
SCHEME-32 





m/z 161. 160 and 159 : 
The ion m/z 161 has the composition C^ j^ Hj^ g^ . It 
represents the loss of ring C and D and its genesis has 
297 
been shown in scheme-33. 
SCHEME~33 
Ot 
(XVI-a) m/z 161 
The fragmentation of m/z 160 is given below : 
m/z 160 
298 
The fragmentation m/z 159 has the composition C,,H,,0 
and its genesis has been given below : 
(XVI~a) 
m/z, 134 : 
m / z 159 
The ion peak m/z 134 c o r r e s p o n d s t o t h e l o s s of 
r i n g D, C and p a r t of r i n g B, Accu ra t e mass measurement 
shows t h e compos i t ion CQH,QO. Format ion of t h i s ion i s 




(XVI-a) • / z 134 
: 299 : 
m/z 105 and 79 : 
A s h a r p peak of high abundance a t m/z 105 of compo-
s i t i o n CJrig s u g g e s t s t he fo rmat ion of s t a b l e ion s p e c i e s , 
i n which r i n g A has been a roma t i zed . I t may a r i s e 




Fragment ion m/z 79 i s obv ious ly a r i s e s due t o l o s s 
of a c e t y l e n e fcolecule from m/z 105. . / 
-CH^H 
m/z 105 m/z 79 
: 300 : 
m/z 91 and 77 : 
The fragment ion m/z 91 constitutes the base peak of 
the spectrum. Its composition CyHy shows that this is a 
hydrocarbon species. This may result due to loss'of ring 
D, C, part of ring B and an angular methyl group present 
at CiQ» The formation of this ion has been suggested to 
occur according to scheme-35. 
SCHEME-35 
( XVI-a ) 
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m/z 77 may o r i g i n a t e d i r e c t l y from the ion m/z 91 by t h e 
l o s s of -CH^. 
Mass s p e c t r a l s t u d y of 3g,2pp-d[ihyclroxyprean-5-ene (XVIl) : 
The mass spect rum of 3p ,20p-d ihydroxypregn-5-ene (XVII) 
( F i g . 7) gave m o l e c u l a r ion peak a t m/z 318 (^211^2^02) 
fo l lowed by o t h e r s i g n i f i c a n t peaks a t tn/z 317 (Mt-H), m/z 
316 (Mt-2H), m/z 300 (Mt-H^O), m/z 282 (m/z SOO-H^O), m/z 
267 (m/z 282-CH3), m/z 255 (C^9H27), m/z 188 iO^^U^^O), 
m/z 87 (Cj^3Hj^50), m/z 174 (Cj^2"l4°^» ""/^ ^"^^ (^12^13°^ ' '"/^ 
161 (Cj^j^Hj^30), m/z 159 (Cj^^Hj^iO), m/z 145 (Cj^j^Hj^3), m/z 
143 (Cj^ j^ Hj^ ;^ ^* ""/^ ^^^ (CgH^), m/z 91 (C^H^), m/z 79 (C^H^), 
m/z 77 (C^Hp )^ and lower mass p e a k s . 
The fo rma t ion of some of t h e s a l i e n t fragment i o n s 
has been proposed t o a r i s e acco rd ing t o schemes g iven 
below : 
m/z 317 and 316 : 
The genesis of ion peak m/z 317 can be explained due 
to loss of a hydrogen atom from molecular ion peak. There 
are many possibilities for this loss, one of them which 
ils more preferred ' is given below : 
302 
(XVII) m/z 318 (Mt) m/z 317 
The fragment ion peak m/z 316 has been shown to 
occur by the loss of two hydrogen atoms from molecular 
ion as shown below : 
m/z 317 m/z 316 
303 
m/z 300 : 
The fragment ion m/z 300 represents the loss of a 
molecule of water from the molecular ion and its compo-
sition, ^21^32^* supports this assumption. 




tn/z ^QZ s 
The fragment ion m/z 282 corresponds to subsequent 
loss of a molecule of water from m/z 300, It can be shown 





m/z 267 : 
CH, 
I ^  
H-C+ 
The fragment ion peak examined at m/z 267 is very 
intense and accurate mass measurement showed that this 
is composed of CgQHgy. It is due to loss of an angular 
ethyl group present at C,^ from m/z 282. m 
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SCHEME~36a 
m/z 282 m/z 267 
m/z 255 J 
The ion peak m/z 255 may result due to the loss of 
mass unit 45 (CH^CHOH) from m/z 300. Dissociation of side 




(XVII-a) m/z 255 
306 
m/z 188 and 187 : 
The fragment i on peak a t m/z 188 i s i n t e n s e and 
a c c u r a t e mass measurement showed i t s composi t ion C^^H^^O. 
I t may r e s u l t due t o t h e l o s s of r i n g A and a p a r t of 
r i n g B from ion peak m/z 316, m/z 187 co r r e sponds t o 
t h e l o s s of one hydrogen atom from ion m/z 188 t o a c q u i r e 







m/z 174 and 173 : 
Both the ion peaks are f a i r l y i n t e n s e and t h e i r 
g e n e s i s can be shown accord ing t o scheme-38. 
SCHEME-38 
m/z 174 
m/z 162. 161. 160 and 159 : 
These fragment ions are f a i r l y in tense represent 
the l o s s of r ing A, part of r i n g B and an angular methyl 
group present at C , , from m/z 317 and t h e i r formation can 
: 308 : 
be shown accord ing t o scheme-39. 
SCHEME-39 




m/z 145 and 143 : 
The formation of this fairly intense fragmentation 
ion m/z 145 can be shown in two different ways. In first 
case the loss ring A and B from m/z 267 given in scheme-40. 
SCHEME-40 
m/z 267 m/z 145 
In second case the loss of ring C and D from m/z 













(XVII~a) m/z 145 «/z 143 
The fragment ion m/z 143 corresponds to the loss 
of two hydrogen atoms from m/z 145 as shown above. 
m/z 105. 91. 79 and 77 : 
The genesis of a very in t ense ion peak m/z 105 
(CgH^), m/z 91 (CyH^, base peak, m/z 79 (C^H^) and m/z 
77 followsthe same pa t t e rn of fragmentation as d iscussed 
for the compounds (XI) and (XVI). 
Mass spec t ra l study of 3g-acetoxv-5B-hvdroxv-B-nor pregnan-
20~one~6-olc acid 5 .6- lac tone (XVIII) : 
The mass spectrum of 3p-acetoxy-5p-hydroxy-B-nor-
pregnan-20-one-6-oic acid 5 ,6 - lac tone (JCVIIl)(Flg» 8) gave 
no molecular ion peak but a base peak i s observed at m/z 
3 H 
284 (C^QH^QO) after dissociation of acetic acid and carbon-
dioxide from molecular ion which >. is a very common 
occurrence in steroidal compounds. Other significant ion 
peaks are examined at m/z 269 (m/z 284-CH2, ^ 19^25^^* "^^^ 
O 
241 (m/z 284, -CH3-C, O^^H^^), m/z 213 (C3^ H^2j^ ), m/z 199 
(C^^H^^), m/z 177 iC^^H^jO), m/z 160 (C^^^H^g^), m/z 159 
(Cj^ j^ H^ O^), m/z 133 (C^QH^3), m/z 131 (CJ^QH^^^), m/z 117 
(C^H^), m/z 105 (CQH^), m/z 91 (C^H^), m/z 79 (C^H^), m/z 
77 (C,Hp^ ) and lower mass peaks. 
The formation of some of the fragment ions has been 
rationalized in schemes given below : 
m/z 284 ; 
The fragment ion peak m/z 284 constitutes the base 
peak of spectrum is quite clear due to the simultaneous 
loss of CH3COOH and C^g from molecular ion ^^23^32^5 ^  
By accurate mass measurement the composition of m/z 284 
®^ ^'20^28^ which confirms the above postulate as shown 
below : 
312 
(XVIII) (XV III-a) 
m/z 284 
m/z 269 : 
A strong ion peak observed at m/z 269 is due to the 
loss of mass unit 15 from ion m/z 284 which corresponds 
the dissociation of a methyl group as given below : 
(XVIIX-a) m/z 269 
313 
m/z 241 : 
The fragment ion peak m/z 241 is fairly intense. 
There may be two possibilities for its formation. Either 
the loss of carbon monoxide from ion m/z 269 or by direct 




m/z 269 m/z 241 
ga 
m/z 284 
^ ^ ^ ^ 
m/z 241 
314 
m/z 213 : 
The genesis of ion peak m/z 213 can be explain by 
the direct fragmentation of hydrocarbon which has been 
rationalized according to scheine-42. 
SCHEME--42 
(XVIII-a) m/z 213 
m/z 199 : 
The fragment ion peak m/z 199 (C,RH,^) of very high 
abundance may originate directly from the ion m/z 284 by 
hydrocarbon-directed fragmentation can be shown according 
to the scheme-43. 
: 315 : 
SCHEME-43 
(XVIII-a) m/z 199 
m/z 177 : 
This fragment ion obviously results by the loss of 
the ring A and ring B from the ion m/z 284. The genesis 





for a loss of a molecule of water. But in this case 
first loss of a water molecule will occur from tertiary 
OH by involving an appropriate hydrogen as shown below : 
HQ-^^-^i^ COOCH COOCH, 
(XIX) m/z 360 
Another sharp ion peak is observed at m/z 342 due to the 
another loss of a molecule of water from m/z 360 and pro-
vides a conjugate species as given below : 
m/z 360 m/z 342 
317 
m/z 160 and 159 ; 
The formation of these two ions has been discussed 
in detail for the compounds (XI), (XVI) and (XVII). Same 
pattern of fragmentation is observed in this case. 
m/z 133 : 
The ion m/z 133 originates by the loss of ring C 




: 318 t 
m/z 117 ; 
The ion m/z 117 o r i g i n a t e s from m/z 284 in the 
following way : 
(XVIII-a) m/z 117 
m/z 131. 105. 91 . 79 and 77 : 
The formation of these fragment ions follow t h e 
same mode of fragmentation as a l ready discussed for the 
e a r l i e r compounds. 
Mass spec t r a l study of methvl-B-norpreanan-36.60-di~ 
hYdroxv-20-one~6-oate (XIX) ; 
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: 319 t 
hydroxy-20 -one -6 -oa t e (XIX) ^F ig . 9) gave a weak ion 
peak a t tn/z 360 (^22^30^4^ a f t e r e x p u l s i o n of a molecule 
of water from m o l e c u l a r compos i t i on , ^22^340^ . Mole-
c u l a r ion peak i s not recorded f o r t h i s compound. Other 
s i g n i f i c a n t i on peaks were examined a t m/z 342 (m/z 
36O-H2O, C22H30O3), 318 (C2oH3o03)» 306 ( C ; ^ Q H 2 ^ 0 4 ) , 303 
^^19"27°3^» 300 (C20H28O2), 285 (C^^9^25^2^' 2®^ ^"*/^ 
342-CH3COOH, C2oH2^0), 267 (C^9H230), m/z 177 (0^2^17°^ ' 
165 (C^^H^^O), 159 (C^j^H^^O), 131 ( C ^ Q ^ I I ^ ' ^^^ (C^H^), 
105 (CgH^), 91 (CyH^), and lower mass p e a k s . The f r a g -
menta t ion l e a d i n g t o t h e fo rmat ion of i n t e r e s t i n g and 
important ions have been sugges ted i n t h e f o l l o w i n g 
schemes : 
m/z 360 : 
The formation of ion peak m/z 360 is due to the 
expulsion of a molecule of water from molecular composi-
tion ^22^3^0^. The composition ^22^32^4 of ion peak m/z 
360 favours the above postulate. The compound (XIX) 
having two OH groups at two different carbon. One OH 
group is attached with secondary carbon and another with 
tertiarly carbon. Therefore, there are two possibilities 
: 320 J 
m/z 318 : 
The fragment ion m/z 318 originates by the loss of 





m/z 306 : 
The fragment ion peak m/z 306 i s f a i r l y i n t e n s e and 
a p p a r e n t l y r e s u l t s from McLaffer ty rear rangement i n v o l v -
ing C,n-Keto f u n c t i o n and a p p r o p r i a t e Y-hydrogen from 
i o n peak m/z 360, The g e n e s i s of t h i s fragment ion can 






m/z 303. 300 and 285 : 
The genesis of a these t h r e e ion peaks can be 
explained from m/z 318. Obviously the loss of an angular 
methyl group i s inev i t ab le from ion ppecies m/z 318 which 
r e s u l t s fragment ion peak m/z 303 (^,^112^02). Expulsion 
: 323 
of a molecule of water from m/z 303 corresponds ion peak 
m/z 285. The fragment ion peak m/z 300 (C3QH2O02^ ^®" 
presents the loss of water from m/z 318 (^20^30^3^* ^ °^" 






m/z 303 CH3 
-H^O 
m/z 300 m/z 285 
: 324 : 
m/z 282 and 267 : 
The fragment ion m/z 282 originates by the loss of 
CH^COOH from m/z 342 as given in scheme-49. 
SCHEME-49 
m/z 342 
• ^ ^ ^ 
^ ^ 
m/z 267 m/z 282 
: 325 : 
It is quite obvious from m/z 282 that the loss of 
angular methyl group is inevitable which results ion 
peak m/z 267 (C^nH^oO) as shown above. 
m/z 177 : 
A weak ion peak at m/z 177 suggests the loss of ring 
A and B from m/z 342 as shown according to scheme-50. In-
tensity of this ion peak is very low due to the cleavage 




: 326 : 
m/z 165 : 
The formation of t h i s ion can be explain with the 
he lp of McLaflerty rearrangement as depicted in scheme-51 
m/z 360 
m/z 165 C=0 
/ 
CH^  
t 327 : 
m/z 159 and 115 : 
Genesis of t h e s e two fragment i o n s can be shown 
accord ing t o scheme-52. 
SCHEME-52 
„ H H ^ 
' ^ ^ ^ - ^ 
sk 
C=OH 
m/z 115 m/z 159 
: 328 X 
m/z 131 : 
The ion peak m/z 131 may o r i g i n a t e from m/z 342 








m/z 105 and 91 ; 
" ^ ^ ^ 
m/z 131 
The formation of ion peak m/z 105 and base peak 
m/z 91 can be e x p l a i n by the l o s s of ring D, C and part 
329 : 
of ring B from m/z 342 which can be shown to occur in 
the following manner (scheme-54). 
m/z 342 
m/z 105 m/z 91 
From the foregoing observations it has become clear 
that mass spectrometry offers an excellent means of di~ 
fferentiating between these closely related compounds. 
€xpttmtnM 
The mass spectra were recorded on mass spectro-
meter at mode : EI + QIMS LMR UP LRj Comm : GC/EI-MS 
using direct insertion technique. The ion source was 
kept at 70 eV, temperature 150®C and pressure 10*"° 
Torr. The GCC temperature was maintained : 80°C - 1 
minute, 30°C - 1 minute increase 280°C - b minute. 
For mode : CI + QIMS LMR UP LR; Comm : GC/CI - MS 
recorded at 200 eV and pressure 2000 m Torr using CH. 
as reagent gas. 
The value m/z of the fragment ions from various 
compounds are tabulated below. The values in paren-
thesis are the relative abundance {%) of the peaks with 
respect to base peak taken as 100?^ , 
331 I 
[ l ] 3B-HvciroxvpreQn-5-en-20-one (XI) 














' 2 r 32 2 
, 284 (0 .23) , 283 (3 .6 l i 
253 (0 .12) , 251 (0.25); 
207 (0 .46) , 199 (0.14); 
160 (0 .14) , 159 (3 .62) : 
, 145 (3 .58) , 143 (2.85; 
133 (4 .23) , 131 (7 .74) 
, 128 (7 .19) , 123 (0.30; 
119 (3 .41) , 117 (10.lO: 
108 (0 .53) , 107 (16.02; 
, 103 (0 .92) , 95 (1.64) 
, 92 (2 .61) , 91 (lOO), 81 (22.20), 79 
, 78 (4 .89) , 77 (34 .49 ) , 71 (1 .07) , 69 
67 (17,35) , 66 ( 3 . 5 8 ) , 65 (12.82), 63(0.30) 
), 281 (0.12) 
, 213 (0.81), 
, 169 (0.14), 
, 155 (0.36), 
), 142 (0.20) 
, 130 (0.68), 
), 121 (6.46) 
), 115 (9.64) 
), 106 (1.14) 











[2] 3fl--AcetoxvDrean~5-en-20-one (XII) 
298 
332 : 
(5.54), 133 ( 6 . 5 1 ) , 131 (8 .99 ) , 129 ( 5 . 2 7 ) , 128 
(2.91), 121 (17 .08) , 120 (1 .42) , 119 ( 6 . 4 5 ) , 117 
(6.46) , 115 ( 1 . 3 7 ) , 108 ( l . O l ) , 107 (15 .66) , 106 
(1.59), 105 (25 .01) , 95 (17 .60) , 93 ( 6 . 4 1 ) , 92 
(13.51), 90 (26 .18) , 81 (13 .17) , 80 ( 1 . 9 9 ) , 78 
(17.90), 77 (11 .21) , 71 (3 .10) , 69 ( l . 5 0 ) , 67 
(6.72), 65 ( 4 . 2 7 ) . 
[3] 36-'Hvdroxv--5a-Dreanane~6.20-dlone (XIII) : 
m/z 315 ( 3 . 3 8 ) , 314 (99.86) , 300 ( 3 . 2 2 ) , 299 (lOO), 
286 (6 .49) , 207 (1 .43) , 107 (1 .65 ) , 96 ( 1 . 3 3 ) , 96 
(23.26), 93 ( 2 . 2 8 ) , 91 (3 .62) , 79 ( 5 . 0 2 ) . 
[4] 36-AcetoxY--5a-preanane--6.20-cilone (XIV) : 
m/z 315 ( 7 . 7 8 ) , 314 (lOO), 300 (5 .14) , 299 (90.57) , 
286 (8 .52) , 104 (1 .26) , 94 ( I .O6) , 93 ( 4 . 6 5 ) , 91 
(7.29), 79 (10 .97 ) , 77 ( 1 . 4 9 ) . 
[5] 36.176-Dlacetoxv-5a--androstan--6-one (XV) : 
m/z 348 ( 0 . 9 8 ) , 331 (2 .38) , 330 (lOO), 315 ( 2 3 . l l ) , 
333 
255 (1.23), 207 (4.92), 96 (1.78), 95 (3.31), 94 
(26.09), 92 (4.13), 81 (2.30), 79 (4.54), 77 (l.70). 
[6] 36-Acetoxvprean~5-en-7.20--dlone (XVl) : 
m/z 312 (67.82), 279 (4.34), 227 (19.13), 213 (4.34), 
211 (4.78), 201 (2.17), 185 (7.82), 175 (2.60), 173 
(9.13), 171 (3.04), 162 (1.73), 161 (5.65), 160 
(4.34), 159 (6.52), 147 (7.82), 145 (3.9l), 143 
(15.21), 141 (8.69), 134 (7.82), 123 (3.04), 119 
(9.13), 117 (20.86), 115 (2.60), 107 (5.21), 105 
(39.13), 103 (3.47), 102 (4.34), 100 (4.34), 93 
(2.60), 91 (100), 88 (2.60), 81 (6.08), 79 (12.60), 
78 (6.08), 77 (16.52), 69 (7.39), 67 (7.39), 65 
(5.21). 
[7] 3B.20B-DihvdroxvDrean~5-ene (XVIIl) : 
m/z 318 (30.45, O^^H^^O^, hit), 317 (3.63), 316(1.81), 
314 (5), 310 (2.72), 305 (3.63), 300 (33.63), 296 
(2.27), 295 (4.45), 285 (l.8l), 283 (5.45), 282(4.54), 
281 (7.27), 280 (3.63), 277 (3.18), 271 (2.72), 268 
(2.72), 267 (10), 264 (17.72), 260 (l.8l), 258 (2.72), 
334 
255 (3 .63) , 253 (4 .09) , 249 (9 .09 ) , 243 ( 6 . 3 6 ) , 237 
(4 .54) , 233 (9 .09 ) , 227 ( 3 . 1 8 ) , 226 (2 .72 ) , 224 
(3 .18) , 223 ( 4 . 5 4 ) , 219 (23 .18) , 215 (1 .36 ) , 213 
(1 .81) , 207 (10 .90) , 195 ( 3 . 1 8 ) , 193 ( 3 . 6 3 ) , 188 
(6.36) , 187 ( 3 . 6 3 ) , 186 ( 4 . 5 4 ) , 185 (23.63) , 184 
(6 .81) , 181 ( 4 . 5 4 ) , 179 (14 .54 ) , 177 (5 .45 ) , 176 
(2 .72) , 174 (17 .27) , 173 ( l 2 . 2 7 ) , 168 (4 .54 ) , 166 
(4 .54) , 165 (15) , 163 (4 .54 ) , 162 (14.54), 161 
(14.54), 160 (10) , 159 (15) , 145 (8.18) , 143 (4 .54 ) , 
141 (3 .63) , 134 (2 .72) , 133 (12.72) , 131 ( 9 . 0 9 ) , 130 
(5 .54) , 120 ( 1 . 8 1 ) , 118 ( 5 . 4 5 ) , 117 (5) , 115 (2 .27 ) , 
108 (2 .27) , 107 (12.72) , 105 (43.18), 100 (4 .54 ) , 
96 (1 .81) , 95 (10) , 93 (26 .36) , 91 (lOO), 89 (1 .36) , 
86 (0 .90) , 81 (22 .72) , 79 (65) , 77 (39.54) , 7 l ( l . 8 l ) , 
69 (3 .63) , 67 (30) , 65 ( 5 ) , 63 (0 .90) , 57 (49 .54) , 55 
(54.09), 53 (11 .36 ) . 
[8] 3S-Acetoxv-5g-hvdroxv-B--norDreanan~20~one-6-olc acid 
5 .6- lactone (XVIII) : 
m/z 285 (22 .72) , 284 (lOO), 269 (14.54), 241 ( lO) , 
213 (1 .81) , 200 (3 .63 ) , 199 (49.09) , 185 ( 3 . 6 3 ) , 183 
(1 .81) , 177 (12 .27) , 173 ( 0 . 9 0 ) , 171 (7 .27 ) , 169 
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(1.81), 161 (0.45), 160 (8.18), 159 (84.09), 158 
(1.81), 157 (10), 155 (4.09), 147 (13.18), 146 
(7.27), 145 (42.72), 144 (22.72), 143 (20), 142 
(5.45), 141 (7.72), 135 (6.36), 134 (4.54), 133 
(43.18), 132 (12.72), 131 (54.54), 130 (8.18), 129 
(32.72), 128 (19.09), 119 (29.09), 118 (2.72), 117 
(41.36), 116 (4.54), 115 (21.81), 109 (3.63), 108 
(19.09), 107 (31.36), 106 (7.27), 105 (53.63), 103 
(2.72), 95 (20.90), 94 (0.90), 93 (30), 92 (6.36), 
91 (75.90), 85 (18.18), 81 (21.36), 79 (42.72), 78 
(1.81), 77 (31.36), 71 (8.18), 67 (21.81), 65 (l.8l), 
55 (25.45), 53 (6.8l). 
[9] Methvl-B-norpreanan-36.5S-dlhvdroxv-20-one 6-oate 
(XIX) : 
m/z 360 (0.91), 342 (5.47), 325 (0.91), 318 (11.87), 
306 (33.78), 303 (0.9l), 300 (1.82), 285 (0.45), 284 
(3.65), 282 (3.65), 281 (5.93), 277 (0.45), 267 
(4.10), 258 (0.91), 256 (0.9l), 245 (0.9l), 240 
(0.45), 217 (0.91), 213 (2.28), 204 (0.45), 203 
(0.45), 199 (0.91), 183 (0.45), 177 (0.9l), 165 
(1.36), 159 (3.65), 155 (1.36), 145 (3.65), 141 
: 336 
(4.56), 133 (2.73), 131 (5.02), 129 (12.32), 128 
(19.17), 127 (0.91), 119 (0.91), 117 (3.65), 115 
(2.73), 110 (0.45), 107 (5.02), 105 (7.76), 95 
(14.61), 93 (10.95), 91 (lOO), 84 (4.56), 81 (44.74), 
79 (58.44), 77 (19.17), 71 (41.09), 69 (4.10), 67 
(7.30), 59 (2.73), 55 (41.55), 53 (4.56). 
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R.W. Schevitz and M.G. Rossmann reported the con-
f i rmat ion of the conf igura t ion of the new isomer (+) - c i s -
carvone tribromide by X-ray c rys ta l lographic a n a l y s i s . 
The c ry s t a l s were orthorhombic, a = 18.40 + 0 .02 , b = 11.12 
+ 0 .02 , c = 6.32 + 0.02 A, space group P2,2j^2j^, Z = 4 
molecules of ^lo^is^^^a P®^ unit c e l l . The observed den-
s i t y of 1.98 g/ml determined by f l o t a t i o n compares well 
wi th the calculated value of 2.01 g/ml. Several c r y s t a l s 
were used to c o l l e c t the da ta s ince they suffered ser ious 
r a d i a t i o n damage within 100 h r s . exposure. They solved 
the s t ruc ture by the heavy-atom method using bromine pos i -
t i o n s determined from a Pa t t e r son Synthesis . The l i g h t 
atoms appeared immediately in the f i r s t e l ec t ron -dens i ty 
map, and refinement was ca r r i ed out using Fourier methods 
and six cycles of fu l l -ma t r ix l e a s t squares a n a l y s i s . The 
cur ren t R-value i s 0.106 for 583 observed r e f l e c t i o n s 
using isotropic l i g h t atoms and anisotropic bromine atoms. 
A view of the molecule was given in the f igure - I and showed 
unequivocally the 2 - a x i a l , 3 -equa to r i a l (c i s ) bromine con-
f i g u r a t i o n . Comparison of observed and ca lcula ted d i f f e r -
341 
ences for anomalous pairs allowed an assignment of absolute 
configuration. 
© o O 
O C Br 
Figure-I Absolute configurat ion of (+) -c i s -carvone 
t r ibromide 
Shigeo Nozoe et a l . ^ determined the absolute configura-
t ion of bromo methoxy der iva t ive of ophiobolin by X-ray 
c rys ta l lographic ana ly s i s . The bromomethoxy de r iva t i ve was 
found to be an orthorhombic system with space group P2,2 ,2 , 
with the unit c e l l dimensions a = 13.19, b = 22,27, and 
c = 8.46 A**. The dens i ty was determined to be 1.40 g/cm 
by f lo t a t ion in an aqueous solut ion of potassium iodide 
which corresponds to the calculated value 1.37 g/cm with 
four molecules in a c e l l . The f ina l R value was 0.114. 
The absolute conf igura t ion was determined by the anomalous 
dispers ion method. The perspective drawing of the mole-
cule Indicat ing the absolute configuration was shown in 
F ig -2 . 
: 342 
Fig.2 - : Molecular s t ruc tu re of ophiobolin tnethoxy bromide 
3 
S.M. Verma et a l . studied the X-ray c r y s t a l l o g r a -
phic analysis of N-(isopropylamino)-3,4-endo(9 ' , l O ' - d i h y -
droanthracene-9 ' ,10*-diyl ) -5-exo-hydroxy-2-pyrrol idone and 
demonstrated the SP (Pyramidal) charac ter of t h e exo-cyclic 
nitrogen while the other nitrogen was SP ( P l a n a r ) . The 
3 lone pair o r b i t a l of SP nitrogen was on the same s ide as 
the >C=0 bond and the -OH group remains in the exo-conf i -
gura t ion . The perspec t ive view of the molecule t o show the 
bond geometry was given in F ig -3 . Nitrogen inve r s ion in 
the sol id s t a t e had been reported in c r y s t a l l i n e 1 , 3 , 5 - t r i -
4 benzyl - l ,3 ,5 - t r i -aza-cyc lohexane by X-ray ana lys i s . 
343 
Fig . 3 - X-ray c rys ta l lograph ic computer-generated 
perspect ive drawing. 
5 G.R, Davison and e t a l . reported the X-ray c r y s t a l 
s t r u c t u r e of l p ,9p -d iace ty l -7a -ch lo ro -c i s -hydr indane . 
Crys ta l data (C,3H,^C102), M = 242.7, monoclinic, space 
group P 2j^/C, a = 10 .867( l ) , b = 10.334 (2 ) , c = 11.869(1) 
A°, Z = 4, F(CXXD) = 520, Rigaku AFC6S, Mo-Ka r a d i a t i o n 
(graphi te monochromator), / \=0 .71073 A°, \i (MO-Ka) « 
0.278 mm""-^ , Dc = 1.326 q/crs?, 3789 independent r e f l e c t i o n s , 
1894 with 1Z4 ( I ) used d i r e c t method, SHELXTL PLUS^, R « 
0.047, Rw = 0.048. Non-hydrogen atoms refined a n i s o t r o -
p i c a l l y , a l l hydrogen atoms ref ined i so t ropic a l l y , 203 
parameters r e f ind . Selected bond lengths , angles and t o r -
s ion angles are given in Tables 1, 2 and 3 . A view of the 
c r y s t a l s t ruc tu re of l ^ , 9 p - d i a c e t y l - 7 a - c h l o r o - c i s - h y d r i n -
dane was shown in F i g . - 4 . 
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' a 12) 
Fig. 4 - X-ray crys ta l s t ructure of 
ip,9P-diacetyl~7a-chloro-cis-hyclrindane, 










































































































C ( l l ) - C ( l 0 ) - O ( l ) 





Table-3 Selected Torsion Angles (**) of Ring Carbon Atoms 























Steroids are known to have mul t i - faceted b io log ica l 
a c t i v i t i e s . 3p,2O-Diacetoxy-16a-methyl-allopregn-17(20)-
ene i s an in termedia te s teroid towards the syn thes i s of o 
dexamethasone, an important c o r t i c o s t e r o i d , prepared using 
16-dehydropregnenolene, ace ta te as s t a r t i n g ma te r i a l . The 
s t ruc tu re ana lys i s of 3p,20-diac€toxy-16a-methyltsallopregn-
17(20)-ene, though c rys ta l lographic i n v e s t i g a t i o n s was done 
p 
by Attar Singh e t a l . . C2^H^0^4 c r y s t a l l i z e s in the or tho-
rhombic space group P 2 , 2 , 2 , . The uni t c e l l parameters were 
347 
a = 10.745(2), b = 11.190(3), c = 20.2O8(l) A°. The s t r u c -
tu r e had been e luc ida ted by d i r e c t methods . The f i n a l 
r e s idua l index (R) converges t o 0.042, weighted r e s i d u a l 
index {dH) being 0 .044. Rings A and B adopted normal chair 
conformation where as r ing C was found t o be very c lose to 
chair and r i ng D exis ted in 14a-envelope confirmation. The 
r ing junc t ions A / B , B/C, C/D are t rans-fused about the 
bonds C5-C10, C8-C9 and C13-C14, r e s p e c t i v e l y . A s ty l i zed 
rep resen ta t ion of the molecule i nd i ca t ing the atom numbering 
scheme was shown in F i g . - 5 . Bond d i s tances and bond angles 
and endocyclic t o r s i o n angles are presented in Table-4, 5 
and 6 r e s p e c t i v e l y . 
F ig . - 5 : Plot showing the atomic arrangement and 




















































































































110 .7 (3 , 
115.0(3] 





























































































v c l i c t or s ion anales ( ° ) 
- 5 2 . 8 ( 5 ) 
- 5 5 . 2 ( 4 ) 
54 .1 (5 ) 
- 5 7 . 7 ( 4 ) 
56 .9 (4 ) 
- 5 3 . 4 ( 5 ) 
- 5 7 . 7 ( 4 ) 
52 .7 (5 ) 
- 5 6 . 0 ( 4 ) 
- 4 9 . 8 ( 5 ) 
5 8 . 3 ( 4 ) 














- 5 9 . 2 ( 4 ) 
52 .6 (5 ) 
54 .6 (5 ) 
5 6 . 1 ( 5 ) 
- 5 4 . 9 ( 4 ) 
61 .2 (4 ) 
4 1 . 9 ( 4 ) 
50 .6 (4 ) 
23 .9 (4 ) 
- 2 6 . 3 ( 4 ) 
1 .1 (4) 
- 4 0 . 4 ( 3 ) 
Attar Singh, V.K. Gupta et i l . ^ studied the c r y s t a l 
s t r u c t u r e of 3p-acetoxy-20-oximino-pregnane as a p a r t of 
c rys ta l lographic i nves t i ga t i ons on s t e ro ids^^*^^ . 3P-
Acetoxy-20-oximino-pregnane (C23H37O2N), a s t e r o i d , c r y s t a -
l l i z e d in to orthorhombic space group P 2 , 2 , 2 , . The un i t c e l l 
parameters with estimated standard dev ia t ions (as given in 
parentheses) were a = 11.609(3), b = 11 .975( l ) , c = 15.653(4) 
A , a=:Px=Y=:9o . The molecular weight was 375.5 amjj and 
volume (v) of the unit c e l l having 4 molecules per un i t c e l l 
was 2176 A°. The r a d i a t i o n used was CuKa ( / \= 1.5418A°). 
: 352 : 
Linear absorption coef f ic ient (ji) = 4,7 cm"*^ , F(OOO) « 
824. The f inal residual index (R) i s 0.0642 and weighted 
index (uR) = 0.0636 for 1741 observed re f l ec t ions with 
1 > 2.5 a ( l ) . Interatomic distances and bond angles were 
given in Table-7 and 8 respect ive ly . A general view of 
the molecule indicating the atom numbering scheme was shown 
in Fig. 6. 
C6 C7 
Fig. 6 : General view of the molecule of 
3p-acetoxy-20-oximino-pregnane 
: 353 
T a b l e - 7 . Bond d i s t a n c e s (A°) w i t h e . s . d ' s In p a r e n t h e s e s 











T a b l e - 8 . 
1 . 4 1 0 ( 4 . 
1 . 2 7 8 ( 5 : 
1 . 4 5 7 ( 4 , 
1 . 3 2 8 ( 5 . 
1 . 1 9 4 ( 5 . 
1^530(6. 
1 . 5 4 8 ( 5 . 
1 . 4 7 4 ( 7 , 
1 . 5 2 7 ( 6 , 
1 . 5 2 0 ( 5 , 













1 . 5 3 6 ( 4 j 
1 . 5 2 3 ( 6 ; 
1 . 5 2 4 ( 4 j 
1 . 5 3 8 ( 5 ] 
1 . 5 1 3 ( 5 ; 
1 .554(5^ 
1 .533(6^ 
1 . 5 3 1 ( 5 : 
1 . 5 3 5 ( 5 : 
1 . 5 2 8 ( 5 ] 
1 . 5 3 4 ( 4 ; 









> i n oarenth t 
1 . 5 7 0 ( 5 ) 
1 . 5 3 3 ( 5 ) 
1 . 5 1 6 ( 5 ) 
1 . 5 1 5 ( 5 ) 
1 . 5 2 6 ( 6 ) 
1 . 5 0 0 ( 5 ) 
1 . 4 8 3 ( 6 ) 
1 . 4 8 3 ( 6 ) 










1 1 2 . 5 ( 3 
1 1 9 . 2 ( 3 
1 1 4 . 1 ( 3 
1 1 1 . 3 ( 4 
1 0 9 . 1 ( 3 
1 1 1 . 2 ( 4 
1 0 8 . 6 ( 3 
1 0 9 . 7 ( 3 










1 1 2 . 2 ( 3 
1 0 8 . 8 ( 3 
1 1 3 . 4 ( 4 
1 1 1 . 1 ( 3 
1 1 0 . 1 ( 3 
1 1 7 . 2 ( 3 
1 0 8 . 3 ( 3 
1 0 8 . 6 ( 3 
1 1 3 . 0 ( 3 

















1 1 3 . 7 ( 3 
1 1 2 . 6 ( 3 
1 1 2 . 2 ( 3 
1 1 1 . 2 ( 4 
1 1 2 . 9 ( 3 
1 1 0 . 6 ( 3 
1 1 1 . 9 ( 2 
1 0 8 . 7 ( 3 
1 1 0 . 6 ( 3 
1 1 3 . 1 ( 3 
1 1 5 . 4 ( 3 
1 0 6 . 8 ( 3 
1 0 9 . 8 ( 3 
1 0 7 . 5 ( 3 

















1 1 3 . 0 ( 3 
9 9 . 3 ( 2 
115 .4 (3 
103 .9 (3 
120 .5 (3 
104 .8 (3 
107 .4 (3 
103 .2 (3 
116 .5 (3 
116 .8 (3 
116 .9 (3 
120 .8 (3 
122 .2 (4 
123 .8 (4 
124 .5 (4 
1 1 1 . 7 ( 4 
12 
V.K. Gupta, K.N. Goswami e t a l . analysed t h e c r y s t a l 
s tructure of 20a-propylamino-3^-hydroxy-pregn-5-ene with 
water molecule by X-ray analys is as a part of c r y s t a l l o g r a -
phic i n v e s t i g a t i o n s of s t e r o i d a l compounds w h i l e preparing 
355 
the t i t l e compound four s tereoisomers namely 3P,20a-ciiamino-
pregn-5-ene; 3a,20a-diamino-pregn-5-ene, 3p-20p-diamino-
pregn-5-ene and 3a,20^-diaminopregn-5>ene of na tu ra l base 
13 Kurchamine , a potent antlamoebic compound i so la ted from 
14 Holarrhena an t idysen te r i a by the method of Goutarel et a l . 
20a-propylamino-3P-hydroxy-pregn-5-ene was i so la t ed as an 
15 intermediate , The compound 20a-propylamino-3p-hydroxy-
pregn-5-ene (C24H^,N0.H20) c r y s t a l l i z e d in the monoclinic 
space group P^ with c e l l parameters a = 11.901(5), b « 
8.098(2), c = 12.398(6) A°, fi = 107.40(2) . The s t r u c t u r e 
had been solved by d i r e c t methods , and ref ined t o R = 
0,067. Rings A and C existed in cha i r conformation. Ring 
B Was in termedia te between h a l f - c h a i r and so far conforma-
t i o n , and r i ng D was a 13p-envelope. The A/B r ing junc t ion 
i s q u a s i - t r a n s , whi ls t r ing system B/C and C/D were t r a n s 
fused about t he bonds C(8)-C(9) and C(13)-C(l4) . Molecules 
were held toge the r by hydrogen bonds. Bonds d is tances and 
bond angles were given in Table-9 and 10 r e s p e c t i v e l y . 
Endocyclic t o r s i o n angles and the puckering parameters are 
presented in Table-11. The genera l view of the molecule 




F i g . 7 - General View of the molecule of 
20a-propylainino-3p--hydroxy-pregn-5-ene 
Table-9 Bond dis tances (A°) with e . s .d*s in parentheses 
C( l ) 









































C(6) - C(7) 1.482(6) 
C(7) - C(8) 1.552(6) 
C(8) - C(9) 1.562(6) 
C(8) - C(14) 1.446(4) 
C(9) - C(10) 1.478(4) 
































































- C ( l l ) 
-C(IO) 



































) C(17) C(13)-C(18; 
) C(14)-C(13)-C(18. 
) C(14)-C(13)-C(17. 
) C(8) -C(13)-C(13; 
) C(13)-C(14)-C(15. 





































Table- l l Endocvcllc t o r s ion angles (^) with e . s . d ' s In 
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= 0 ,101 A° 
= 0 .513 A° 
= 168.6° 
B 




q^  « -0.503 A° 
(j) = 161.0 o 
q^  = -0.304 A° 
ip = 39.7 o 
q^  = 0.077 A° q"^  = -0.531 A° 
Q = 0.536 A° 4) = 63.6° 
e = 171.7° 
Ring D 
q^  = 0.474 A° 
* » 2.6° 
18 V.K. Gupta, Rajnikant et a l . had determined the 
crystal structure of 4-pregnen-lla-ol-3,20-dione by X-ray 
structure analysis as a part of crystallographic i nves t i -
gations on progesterone series of s t e ro ids . The compound 
361 
Was an Important in te rmedia te for the production of gluco-
co r t i co id c l a s s of drugs which were mainly used in t he 
19 treatment of inflammatory and a l l e r g i c condi t ions . 
4-Pregnen- l la-ol -3 ,20~dione c r y s t a l l i z e d in the orthorhombic 
space group P2,2^2j^ with c e l l parameters a = 8 .4415(4) , 
b = 10.6884(3), c = 20.1273(5) A°. The s t r u c t u r e had been 
solved by d i r e c t methods and ref ined to R = 0 .050 . Ring A 
exis ted in ha l f cha i r conformation. Rings B and C adopted 
a cha i r conformation and r i ng D was a 13a-envelope. The 
A/B r ing junc t ion was quas i - t rans» whi l s t r i ng systems 
B/C and C/D were t r a n s fused about the bonds C(8)-C(9) and 
C(13)-C(14). Molecules were held together by hydrogen 
bonds. Bonds d i s t ances and bond angles were given in 
Table-12 and 13 r e s p e c t i v e l y . The general view of the mole-
cule ind ica t ing the numbering scheme was shown in F i g . 8. 
F i g . - 8 : The general view of the molecule of 
4 -p regnen- l l a -o l -3 ,20 -d ione 
362 













































































































































C(9)-C( lI ) -0(2) 111.2 












































A survey of l i t e ra tu re revealed tha t there are number 
of s teroidal compounds for which crystal lographic studies 
have been done. In continuation as a part of crystal logra-
phic investigation on steroids we have taken few s tero ida l 
compounds of cholestane series synthesized in our labora-
tory, such as 6-ni t rocholes t -5-ene( l ) , 3p-chloro-6-ni t ro-
cholest-5-ene ( I I ) and 5a-cholestan-6-one ( I I I ) . 
CgHjL7 
?8"l7 
( I ) 98"l7 ( I I ) 
: 365 t 
[ l ] X-rav S t ruc ture Analysis of 6-Nltrocholest~5'-ene » 
The c r y s t a l s t r u c t u r e of Cg^ H^RNOg* * s t e r o i d 
(6 -n i t rocho les t -5 -ene) has been determined by X-ray s t r u -
c tu re a n a l y s i s . I t c r y s t a l l i z e s i n the monoclinic space 
group P 2 , . The unit c e l l parameters with estimated 
standard devia t ions (as given in parentheses) are a = 
12.143(2), b = 10.835(2), c = 19.747(4) A°. The s t r u c t u r e 
has been elucidated by d i r e c t methods. 
The s t r u c t u r e has been determined by d i r e c t methods 
using SHELXS 86 (SHELDRICK, 1986)^^. The s t ruc tu r e was 
subjected to fu l l -matr ix l ea se - squa re s refinement using 
SHELX 76 (SHELDRICK, 1976)^^ Was followed by anisot ropic 
refinement of a l l the non-hydrogen atoms. Final R ind ices 
[l>2 s i g m a ( l ) ] , RI = 0.0661 and WR2 = 0.204, weighting 
scheme employed, W = K/[a (Fo) + g(Fo) ] . Al l ca l cu la t ions 
were made on VAX and Magnum computers, A s ty l i zed r e p r e -
sen t a t i on of the molecule i n d i c a t i n g the atom numbering 
was shown in F ig . 9 and packing diagram of the molecules 
in F i g . 10. Packing view of 6 -n i t rocho les t -5 -ene has two 
asymmetric molecules A and B in per unit c e l l . Therefore, 
sepa ra te bond d i s tances and angles have been computed for 
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Table-15 Bond d i s t a n c e s (A°) for molecule B with e . s«d*s 




































































Table-lb Bond angles (°) for molecule A with e . s « d ' s 




C ( 5 A ) - C ( 4 A ) - C ( 3 A ) 
C(6A)-C(5A)-C(4A) 
C ( 6 A ) - C ( 5 A ) - C ( 1 0 A ) 
C ( 4 A ) - C ( 5 A ) - C ( 1 0 A ) 
C(5A)-C(6A)-NA 
C ( 5 A ) - C ( 6 A ) - C ( 7 A ) 
NA-C(6A)-C(7A) 
0 ( 2 A ) - N A - 0 ( I A ) 
0 ( 2 A ) - N A - C ( 6 A ) 
0 ( 1 A ) - N A - C ( 6 A ) 
C(6A)-C(7A)-C(8A) 
C { 7 A ) - C ( 8 A ) - C ( 1 4 A ) 
C(7A)-C(8A)-C(9A) 
C ( 1 4 A ) - C ( 8 A ) - C ( 9 A ) 
C ( 1 0 A ) - C ( 9 A ) - C ( 1 1 A ) 
C ( 1 0 A ) - C ( 9 A ) - C ( 8 A ) 
C ( 1 1 A ) - C ( 9 A ) - C ( 8 A ) 
1 1 5 . 2 ( 4 ) 
1 0 9 . 6 ( 5 ) 
1 1 0 . 5 ( 5 ) 
1 1 4 . 2 ( 4 ) 
1 2 4 . 5 ( 4 ) 
1 1 8 . 7 ( 4 ) 
1 1 6 . 7 ( 5 ) 
1 1 9 . 3 ( 4 ) 
1 2 8 . 1 ( 4 ) 
1 1 2 . 6 ( 4 ) 
1 2 0 . 8 ( 5 ) 
1 1 7 . 7 ( 5 ) 
1 2 1 . 5 ( 5 ) 
1 1 3 . 2 ( 4 ) 
1 1 1 . 0 ( 4 ) 
1 0 9 . 1 ( 4 ) 
1 1 0 . 4 ( 3 ) 
1 1 4 . 1 ( 4 ) 
1 1 3 . 0 ( 3 ) 























1 1 2 . 5 ( 4 ) 
1 1 0 . 9 ( 4 ) 
105 .8 (4 ) 
108 .9 (4 ) 
109 .6 (4 ) 
109 .2 (4 ) 
115 .1 (4 ) 
112 .5 (4 ) 
1 1 1 . 4 ( 5 ) 
106 .0 (4 ) 
112 .4 (4 ) 
117 .0 (4 ) 
109 .9 (4 ) 
9 9 . 6 ( 4 ) 
1 1 8 . 6 ( 4 ) 
1 1 5 . 2 ( 4 ) 
104 .8 (4 ) 
1 0 3 . 9 ( 4 ) 
106 .9 (4 ) 
1 0 3 . 4 ( 4 ) 





C ( 2 2 A ) - C ( 2 0 A ) - C ( 1 7 A ) 
C ( 2 3 A ) - C ( 2 2 A ) - C ( 2 0 A ) 
C ( 2 4 A ) - C ( 2 3 A ) - C ( 2 2 A ) 
C ( 2 3 A ) - C ( 2 4 A ) - C ( 2 5 A ) 
C ( 2 6 A ) - C ( 2 5 A ) - C ( 2 4 A ) 
C(26A)-C(25A)-C(27A) 
C ( 2 4 A ) - C ( 2 5 A ) - C ( 2 7 A ) 
Table-17 Bond anales 


































0 C 1 B ) - N B - C ( 6 B ) 
0 ( 2 B ) - N B - C ( 6 B ) 
C(6B)-C(7B)-C(8B) 
C(14B)-C(8B)-C(7B) 
C ( 1 4 B ) - C ( 8 B ) - C ( 9 B ) 
C(7B)-C(8B)-C(9B) 
C ( 1 1 B ) - C ( 9 B ) - C ( 8 B ) 
C(11B)-C(9B)-C(10B) 
C ( 8 B ) - C ( 9 B ) - C ( 1 0 B ) 
C ( 1 9 B ) - C ( 1 0 B ) - C ( 5 B ) 
C ( 1 9 B ) - C ( 1 0 B ) - C ( 1 B ) 
C ( 5 B ) - C ( 1 0 B ) - C ( 1 B ) 
C ( 1 9 B ) - C ( 1 0 B ) - C ( 9 B ) 
C ( 5 B ) - C ( 1 0 B ) - C ( 9 B ) 
C ( 1 B ) - C ( 1 0 B ) - C ( 9 B ) 
C ( 1 2 B ) - C C 1 1 B ) - C ( 9 B ) 
C ( 1 3 B ) - - C ( 1 2 B ) - C ( H B ) 
C ( 1 2 B ) - C ( 1 3 B ) - C ( 1 8 B ) 
C ( 1 2 B ) - C ( 1 3 B ) - C ( 1 4 B ) 


































































































































[2] X-rav S t ruc tu re Analys is of 36-C^hloro-6-nltrocholest- ' 
5-ene : 
Steroids are known to have mul t i - face ted b io log ica l 
a c t i v i t i e s , 3p -ch lo ro -6 -n i t rocho les t -5 -ene i s an in termedi-
a t e s teroid towards the syn thes i s of many important s t e r o i d a l 
compounds. The s t r u c t u r e ana lys i s of t h i s compound has been 
taken up as a par t of our c rys t a l log raph ic i n v e s t i g a t i o n s on 
s t e r o i d s . C^yH^^NO^Cl c r y s t a l l i z e s in to orthorhombic space 
group P2j^ 2j^ 2j^  with c e l l parameters a = 7 .207(1) , b = 11.292 
( 1 ) , c = 32.373(5) A°, a = p = Y = 90° . The molecular weight 
i s 450.10 amn and volume (v) of the unit c e l l having 4 mole-
_3 
cu les per unit c e l l i s 2634.56 A . 
The s t ruc tu re has been determined by d i r e c t methods 
using SHELXS 86 (SHELDRICK, 1986). The s t r u c t u r e was sub-
j e c t e d to fu l l -mat r ix l e a s t squares refinement using 
SHELXL 93 (SHELDRICK, 1993). All the c a l c u l a t i o n s were 
ca r r i ed out on VAX and Magnum computers. A s t y l i z e d r ep re -
sen ta t ion of the molecule i n d i c a t i n g the atom numbering was 
shown in Fig. 11 and packing diagram of the molecules in 
F i g . 12. Interatomic d i s t ances and bond angles are given 


































: 377 t 
CeH,7 
Fig . 12 
Packing diagram of the molecules 
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110 .4 (5) 
112 .7 (5 ) 
112 .2 (5 ) 
113 .2 (5 ) 
110 .7 (5 ) 
109 .5 (5 ) 
108 .1 (4) 
111 .5 (5 ) 
107 .1 (5 ) 
109 .7 (6 ) 
115 .0 (6) 
113 .4(5) 
118 .4 (5 ) 
105 .0 (4 ) 
109 .8 (6 ) 
100 .7 (5 ) 
110 .9 (5) 
111 .5 (5) 


























[ 3 ] X~rav S^tructure Analys is of 5a-Cholestan--6-one : 
The c r y s t a l s tructure of C^yH.^O (5a-cholestan-6-«-one) 
has been studied by X-ray c r y s t a l l o g r a p h i c a n a l y s i s . I t 
c r y s t a l l i z e s in the monoclinic space group P 2 , . The unit 
c e l l parameters with est imated standard d e v i a t i o n s ( a s 
g iven in parentheses) are a = 1 0 . 5 7 5 ( 1 ) , b •: 7 . 6 9 8 ( 1 ) , 
c = 15.284(2) A°, a = 90° , fi « 9 9 . 3 4 ( 1 ) , Y = 9 0 ° . The 
molecular weight i s 386.64 am\i and volume (v) of the unit 
381 
c e l l having 2 molecules per uni t c e l l i s 1227.7(3) A°. 
The s t ruc tu re has been determined by d i r e c t methods 
using SHELXS 86 (SHELDRICK, 1986). The s t r u c t u r e was 
subjected to fu l l -mat r ix l e a s t - s q u a r e s ref inement . F ina l 
R indices [l>2 sigma ( 1 ) ] , RI « 0.0544 and uR2 « 0 .1549. 
All ca lcu la t ions were made on VAX and Magnum computers. 
A s ty l i zed r ep resen ta t ion of t he molecule i n d i c a t i n g the 
atom numbering was shown in F i g . 13 and packing diagram of 
the molecules in F ig . 14. Bond d i s t ances and bond angles 







































































































































































































































( l ) Colourless c r y s t a l s of 6 - n i t r o c h o l e s t - 5 - e n e were grown 
from methanol by slow evaporat ion. The three-dimen-
s iona i i n t e n s i t y data were c o l l e c t e d on Enraf-Nonius 
CAD-4 d i f frac tometer u/2 6 Scan mode was employed. 
Ful l -matrix l e a s t - s q u a r e method was used f o r r e f i n e -
ment. A t o t a l of 4O20 r e f l e c t i o n s were recorded with 
3832 independent r e f l e c t i o n s . Index ranges © < = h < 
< 13, e < = K = 11 , -22 < 1 < 2 2 . The absorption 
c o e f f i c i e n t was 0 .066 mm" and the the ta range for 
data c o l l e c t i o n was 1.05 to 23 .52 degree . The data 
were corrected f o r Lorentz and P o l a r i z a t i o n f a c t o r s . 
The c r y s t a l l o g r a p h i c data were presented in Table-22. 
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Table > 22 
Crystal data and other experimental d e t a i l s f o r the 







Unit c e l l demension 
Volume 
Density (calculated) 
Absorption c o e f f i c i e n t 
Crystal s i z e 
Theta range for data 
c o l l e c t i o n 
Index ranges 
R e f l e c t i o n s c o l l e c t e d 







a = 12 .143(2) A** 
b = 10.835(2) A° 
c = 19.747(4) A° 
2547 .8 (8 ) A° 
1.084 lAg/n? 
0 .066 mm"-'-
. 4 X .3 X 1.5mm 
1.05 t o 23.52 deg . 
G < » h < = 1 3 , e < 
- 2 2 < 1 < 22 
4020 
3832 




Data / res t ra in t s /pa ramete r s 
F ina l R indices [l>2 sigma 
CD] 
Largest di f f , peak and hole 
Fu l l -mat r ix l ea s t - squa re 
3832/1/542 
RI = 0 .0661, oR2 = 0.204 
0.688 and -0 .243 e.A° 
(2) Transparent rectangular p l a t e shaped c r y s t a l s of 
3p-chloro-6-n i t rocholes t -5-ene were grown from metha-
nol by slow evaporation. The th ree dimensional 
i n t e n s i t y data were co l lec ted on Enraf-Nonius CAD-4 
diffractometer with CuKa r a d i a t i o n (^A= 1.5418A°). 
0/26 Scan mode was comployed for da ta c o l l e c t i o n . 
2247 Ref lec t ions were measured of which 1789 were 
t rea ted observed with [Fo > 40 ( F o ) ] . The s t r u c t u r e 
has been solved by d i r ec t methods and ref ined to R = 
0.065. The data were correc ted for Lorentz and 
Po la r i za t ion f a c t o r s . The c r y s t a l da ta and other 
experimental d e t a i l s are given in Table-23. 
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Table-23 
C r y s t a l d a t a and o the r expe r imen ta l d e t a i l s 
C r y s t a l d e s c r i p t i o n 
Chemical formula 
Molecular weight 
C e l l pa ramete r s 
Unit c e l l volume 
C r y s t a l system (space group) 
Dens i ty ( c a l c u l a t e d ) [ D c ] 
No. of molecu les per un i t c e l l 
[Z] 
Wavelength i^ ) 
Absorpt ion c o e f f i c i e n t 
[ji(CuKa)] 
Crystal size 
No. of measured reflections 
No. of unique reflections 




T r a n s p a r e n t r e c t a n g u l a r 
p l a t e 
4 5 0 . 1 0 
a = 7 . 2 0 7 ( 1 ) A° 
b = 11 .292(1) A° 
c « 32 .373 (5 ) A° 






- 1 1.44 mm 




D i r e c t methods (SHELXS 86) 
SHELXL 93(SHELDRICK, 1993) 
0 . 0 6 5 
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(3) Colourless c r y s t a l s of 5a-cholestan-6-one were grown 
from methanol by slow evapora t ion . The three-dimen-
s iona l i n t e n s i t y da t a were co l l ec t ed on Enraf-Nonius 
CAD-4 d i f f rac tometer , u / 2 e Scan mode was employed. 
Ful l -matr ix l e a s t - s q u a r e method was used for r e f i n e -
ment. A t o t a l of 1968 r e f l e c t i o n s were recorded with 
1863 independent r e f l e c t i o n s . Index ranges 6 < = h < 
= 11 ,0 < = K < 8, -17 < 1 < = 16. The absorpt ion c o -
e f f i c i en t was 0.450 mm" and the t h e t a range for da ta 
co l l ec t i on was 2.93 to 59.94 degree . The da ta were 
corrected for Lorentz and P o l a r i z a t i o n f a c t o r s . The 
c rys ta l lographic da ta are presented in Table-24. 
Table-24 
Crys ta l data and o ther experimental d e t a i l s : 
Empirical formula ^27^46^ 
Formula weight 386.64 
Wavelength 1.5418 A° 
Crys ta l system Monoclinic 
Space group P2, 
Unit c e l l dimensions a = 10.575(l) A° 






Absorption coe f f i c i ent 
Crystal s ize 
Theta range for data 
co l l ec t ion 
Index ranges 
Reflections col lected 
Independent re f l ec t ions 
Refinement method 
Data/restraints/parameters 
Goodness-of-fit on F''^ ^ 
Final R indices[ l>2 sigma(l)] 
c = 15.284(2) A** 
a = 90°, ^ = 99 .34(1) , 





,3 X .3 X 1.5 
2.93 to 59.94 deg. 
0< = h < = 11, 
8< = K < = 8, 







RI = 0.0544, 
oR2 = 0.1549 
Largest diff. Peak and hole 0.318 and -0.148 e.A -3 
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